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LETTER  OF  TRANSMITTAL. 


Office  of  the  Water  Supply  Commission  of  Pennsylvania, 

Harrisburg,  Pa.,  December  31,  1912. 

To  His  Excellency,  the  Governor  of  the  Commonwealth  of  Pennsyl- 
vania : 

To  the  Members  of  the  Senate  and  House  of  Representatives  of  the 
Commonwealth  of  Pennsylvania: 

In  compliance  with  the  provisions  of  the  Act  of  the  General  As- 
sembly, approved  May  4th,  1905,  the  Water  Supply  Commission  re- 
spectfully submits  its  report  for  the  year  1912. 

JOHN  BIRKINBINE, 

Chairman. 

FREDERICK  W.  FLEITZ, 

Vice-Ch  airman. 

THOMAS  J.  LYNCH, 

Secretary. 

ROBERT  S.  CONKLIN, 

Commissioner  of  Forestry. 

SAMUEL  G.  DIXON, 

Commissioner  of  Health. 
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WATER  SUPPLY  COMMISSION  OF  PENNSYLVANIA 


1912 


CHAPTER  I 

GENERAL  REPORT 


The  Commission  has  during  the  year  approved  thirty-four  appli- 
cations for  the  incorporation  of  water  and  water  power  companies, 
two  agreements  of  merger,  and  one  sale  of  property  and  franchises. 
Table  No.  1  shows  the  number  of  companies  incorporated,  with  the 
approval  of  the  Commission,  and  the  present  status  thereof. 

TABLE  NO.  1. 

Present   Status  of  Water  Companies   Incorporated   Between   May   4th,    1905,    and 

January  1st,  1913. 
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36 
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Total 

217 

m 

63 

10 

4 

78 

21 

Of  the  new  companies  formed  eleven  are  for  domestic  water  sup- 
ply, four  for  industrial  supply,  and  twenty-one  are  for  the  generation 
of  water  power.  Interest  in  the  development  of  the  water  power  of 
the  State  is  evidenced  by  the  number  of    water    power    charters 

(13) 
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granted;  but,  although  twenty-one  charters  were  approved,  only 
three  distinct  water  power  operations  are  involved,  one  requiring 
thirteen  and  another  seven  charters  to  cover  the  desired  territory, 
the  former  contemplating  the  complete  development  of  an  important 
river.  Another  involves  the  complete  development  and  utilization  of 
a  secondary  stream,  by  means  of  three  high  dams  and  storage  rese^ 
voirs.  Throughout  the  country  hydro-electric  development  is  becom- 
ing a  prominent  factor  in  industrial  advancement;  public  service  is 
improved,  manufacturing  increased,  and  population  augmented 
through  the  more  abundant  and  cheaper  power  resulting  from  such 
works,  where  properly  constructed  and  controlled. 

Tables  Nos.  2,  3  and  4  show,  respectively,  the  water  and  water 
power  companies  incorporated  in  1912,  those  companies  which  are 
operating,  source  of  supply  and  character  of  works,  and  the  con- 
solidations effected  among  water  and  water  power  companies  dur- 
ing 1912. 
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STREAM  ENCROACHMENTS. 

The  Act  of  May  28th,  1907,  by  the  terms  of  which  the  Commission  ex- 
ercises jurisdiction  over  encroachments  on  streams,  has  been  the 
subject  of  an  opinion  by  the  Attorney  General  (see  page  19),  by 
which  the  powers  and  duties  of  the  Commission  are  interpreted  to 
extend  over  more  classes  of  streams  than  the  text  of  the  Act  seemed 
to  the  Commission  to  indicate,  thereby  augmenting  this  feature  of 
the  Commission's  work,  with  corresponding  benefit  to  the  streams  of 
the  State.  During  1912  forty-eight  applications  for  encroachments 
on  streams  received  approval,  including  twenty-eight  bridges,  eight 
dams,  eleven  fills  and  walls,  and  one  change  of  channel  location. 
The  Commission  has  undertaken  a  general  enforcement  of  this  law 
by  establishing  an  efficient  information  system  through  which  early 
knowledge  is  obtained  of  proposed  work  of  this  character,  and  by 
giving  prompt  as  well  as  thorough  attention  to  such  applications; 
for  where  encroachments  are  planned  in  such  manner  as  to  receive 
approval  the  applicants  should  receive  notice  thereof  with  dispatch. 

The  following-  table  exhibits  the  number  of  applications  granted 
in  this  branch  of  the  Commission's  work,  each  year,  since  the  passage 
of  this  Act: 

TABLE  NO.  5. 
Encroachments  on  Streams  Approved  By  Water  Supply  Commission. 


Year.  Number. 


1908 I  19 

1909 27 

1910,     S2 

1911.     I  32 

1912 '  48 

Total 168 


The  prospects  are  that  the  number  of  encroachments  coming  under 
supervision  of  the  Commission  w^ill  be  larger  than  in  1913  than 
heretofore,  and  may  require  an  increase  in  the  force  to  expeditiously 
dispose  of  them.  The  public  is  becoming  more  cognizant  of,  and 
broader  recognition  is  being  given  to,  the  Commission's  jurisdiction 
over  such  matters. 

Owing  to  the  fact  that  the  jurisdiction  of  the  Commission  over 
encroachments  in  certain  streams  under  the  Act  of  May  28th,  1907, 
had  been  questioned,  the  Attorney  General  was  requested  to  give  his 
official  opinion  as  to  what  streams  come  within  the  definition  of 
the  Act.    This  opinion  is  found  below. 
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OFFICE  OF  ATTORNEY  GENERAL. 

Harrisburg,  November  12,  1912. 
T.  J.  Lynch,  Esq., 

Secretary,  Water  Supply  Commission  of  Pennsylvania. 
Harrisburg,  Pa. 

Dear  Sir: — This  Department  is  in  receipt  of  your  inquiry  of 
October  11th,  1912,  in  which  you  state,  in  substance,  that  the  Water 
Supply  Commission  requests  an  official  opinion  as  to  its  jurisdiction 
under  the  Act  of  May  28th,  1907,  V.  L.  209,  entitled : 

"An  Act  to  provide  that  no  dam,  wall,  wing-wall,  wharf,  pier, 
embankment,  abutment,  projection,  or  other  obstruction,  nor 
any  addition  thereto,  shall  be  constructed,  erected,  or  built  in 
or  along  any  public  or  navigable  river,  or  stream  heretofore  de- 
clared a  public  highway,  within  this  Commonwealth;  nor  shall 
the  course,  current  or  cross  section  thereof  be  changed  or  dimin- 
ished, without  the  approval  of  the  Water  Supply  Commission 
of  Pennsylvania;  and  to  require  maps,  plans,  profiles,  specifica- 
tions, information,  and  data  relating  thereto  to  be  submitted  to 
said  Commission." 

You  ask,  in  substance,  to  be  advised  whetlier  the  jurisdiction  of 
the  Commission  extends  to,  first,  all  public  rivers;  second,  all  navi- 
gable rivers,  and,  third,  all  streams  heretofore  declared  public  high- 
ways; or  whether  it  is  confined  to  streams  which  have  been  declared 
public  highways  by  an  Act  of  Assembly. 

The  language  of  this  Act  is  that: 

"No  person  or  persons,  corporation,  county,  city,  borough,  or 
township  shall  construct,  erect,  or  build,  in  or  along  any  public 
or  navigable  river,  or  stream  heretofore  declared  a  public  high- 
way, within  this  Commonwealth,  any  dam,  wall,  wing-wall, 
wharf,  pier,  etc.,  ♦  ♦  ♦  unless  and  until  the  said  person  or 
persons,  corporation,  county,  city,  borough,  or  township  shall 
have  submitted  to  the  Water  Supply  Commission  of  Pennsyl- 
vania complete  maps,  plans,  profiles,  etc.,  ♦  ♦  ♦  and  a  ma- 
jority of  the  members  of  the  said  Water  Supply  Commission  of 
Pennsylvania  shall  have  approved  the  same." 

You  illustrate  your  inquiry  by  citing  the  fact  that  the  Western 
Maryland  Railroad  Company  has  recently  constructed  a  new  line 
along  the  Youghiogheny  and  Casselman  rivers,  from  New  Haven 
southward  to  the  State  line,  and  has  made  numerous  encroachments 
on  these  streams.  In  so  far  as  the  Youghiogheny  river  is  concerned, 
you  state  that  the  corporation  has  made  application  to  the  Commis- 
sion for  its  approval  of  such  encroachments,  but  refuses  to  make  ap- 
plication with  respect  to  the  Cassleman  river,  upon  the  ground  that 
the  Cassleman  river  has  not  been  declared  a  public  highway,  and 
therefore  does  not  come  within  the  jurisdiction  of  the  Commission. 
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The  Commission,  by  the  express  language  of  the  Act,  is  given  juris- 
diction for  the  purposes  specified  in  the  Act,  over  "any  public  or 
navigable  river,  or  stream  heretofore  declared  a  public  highway." 

You  state  in  your  communication  that  it  is  contended  by  counsel 
for  several  corporations  that  the  phrase  "heretofore  declared  a  pub- 
lic highway"  relates  to  and  modifies  the  words  "any  public  or  navi- 
gable river^"  as  well  as  the  word  "stream,"  and  that  the  Commission, 
therefore,  has  no  jurisdiction  over  any  river  or  stream  unless  such 
river  or  stream  has  been  declared  a  public  highway  by  the  Act  of 
Assembly.  Your  Commission  was  created  by  the  Act  of  May  4th,  1905, 
P.  L.  385,  and  authorized,  inter  alia,  to  adopt  ways  and  means  of 
utilizing,  conserving,  purifying  and  distributing  the  water  supplies 
of  this  State  in  such  a  way  that  the  various  communities  of  the  State 
shall  be  fairly  and  equitably  dealt  with  in  such  distribution.  The 
powers  conferred  by  the  above  cited  Act  of  1907,  are  in  addition  to 
the  general  powers  conferred  by  the  Act  creating  the  Commission, 
and  the  general  purpose  in  conferring  these  additional  powers  is  to 
protect  the  rights  of  the  public  in  the  rivers  and  streams  of  the  Com- 
monwealth from  encroachments  by  individuals,  private  corporations 
and  municipalities.  It  therefore  becomes  necessary  for  us  to  ascer- 
tain as  accurately  as  possible  what  is  meant  by,  and  included  within, 
the  descriptions  "public  river,"  "navigable  river,"  and  "stream  here- 
tofore declared  a  public  highway,"  and  to  investigate  the  rights  of 
the  public  in  these  different  classifications  of  the  waters  of  the  Com- 
monwealth. There  is  no  diificulty  in  distinguishing  between  a  pub- 
lic river  and  a  private  river.  In  the  case  of  Coovert  vs.  O'Connor, 
8  Watts,  470,  it  is  said  that: 

"All  rivers,  lakes  and  streams  comprehended  within  the  char- 
ter bounds  of  the  province,  passed  to  William  Penn  in  the  same 
manner  as  the  soil.  In  grants  of  tracts  of  vacant  lands  by  him 
or  his  successors  during  the  proprietary  times,  and  by  the  Com- 
monwealth since,  streams  not  navigable  falling  within  the  lines 
of  a  survey,  were  covered  by  it  and  belonged  to  the  owner  of  the 
tract,  who  might  afterwards  convey  the  bo<ly  of  the  stream  to 
one  person  and  the  adjoining  land  to  another." 

Such  streams  are  properly  described  as  "private  rivers,"  and  it  is 
held  in  the  case  cited,  and  in  other  cases,  that  when  a  grant  or  survey 
is  bounded  by  such  river  or  creek,  the  title  of  the  grantee  extends  to 
the  middle  of  the  stream.  The  phrase  "not "navigable"  in  the  fore- 
going quotation,  is  evidently  used  in  a  limited  and  qualified  sense 
and  is  intended  by  the  autlior  to  distinguish  the  streams  therein  re- 
ferred to  from  large  navigable  streams. 

On  the  other  hand,  it  is  held  in  the  case  of  the  Barclay  Railroad 
and  Coal  Company  vs.  Ingham,  36  Pa.  194,  that  "in  respect  to  the 
great  rivers  of  the  State,  such  as  are  navigable  by  nature  and  there 


21 

fore  public  highways  by  the  common  law"  ♦  ♦  ♦  that  these 
rivers  are,  properly  speaking,  public  rivers,  the  soil  of  which  has 
never  been  granted  to  private  owners  either  by  William  Penn,  his 
successors,  or  the  Commonwealth.  With  respect  to  such  rivers  the 
following  language  is  used  in  the  above  cited  case: 

"The  rivers,  and  the  beds  of  the  rivers  belonged  to  the  Com- 
monwealth and  constituted  part  of  the  eminent  domain.  Private 
surveys  bounding  on  them  were  stopped  at  low  water  mark." 

Thus  far  the  distinction  is  plain.  A  river  navigable  by  nature, 
the  ownership  of  the  bed  of  which  remains  in  the  Commonwealth, 
is  a  public  river,  and  a  public  highway  at  common  law.  Speaking 
of  such  rivers,  Chief  Justice  Tilghman,  in  Shrunk  vs.  Schuylkill 
Navigation  Company,  14  S.  &  R.  71,  said: 

"It  is  unnecesary  to  enumerate  at  this  time  the  rivers  which 
may  be  called  principal,  but  that  name  may  be  safely  given  to 
the  Ohio,  Monongahela;  Youghiogheny,  Allegheny,  Susquehanna, 
and  its  north  and  west  branches,  Juniata,  Schuylkill,  Lehigh 
and  Delaware." 

A  river,  the  title  to  the  bed  of  which  has  been  granted  by  the 
Commonwealth  to  private  owners^,  whether  navigable  in  fact  or  not, 
is  a  private  river.  If  such  private  river  is  navigable  in  fact,  the 
public  has  an  easement  therein  for  purposes  of  transportation  and 
commercial  intercourse.  The  word  "navigable"  is  elastic  and  some- 
what indefinite  in  its  meaning.  As  stated  in  Barclay  Railroad  and 
Coal  Company  vs.  Tngham,  supra,  it  may  mean  "an  ascending,  as 
well  as  descending  navigation  by  boats  of  considerable  burden — or 
merely  a  descending  navigation  by  arks  and  rafts  at  all  seasons — or 
by  arks  and  rafts  in  seasons  of  freshets." 

Under  the  English  common  law  only  such  streams  as  were  affected 
by  the  ebb  and  flow  of  the  tides  were  deemed  navigable  streams.  This 
criterion  never  obtained  in  America,  as  appears  from  the  decision 
of  our^  Supreme  Court  in  the  above  cited  case  of  Barclay  Railroad 
&  Coal  Company  vs.  Ingham.  In  the  course  of  the  opinion  in  that 
case,  Mr.  Justice  Woodward  said: 

"In  England  those  streams  only  are  called  navigable  in  which 
the  tides  ebb  and  flow,  but  with  us  all  our  public  rivers,  whether 
fresh  or  salt,  are  navigable;  and  hence,  a  very  erroneous  idea 
has  sprung  that  such  rivers  only  are  public  high\vays,  and  that, 
in  the  lesser  streams,  granted  by  the  Commonwealth  to  purchas- 
ers, the  public  have  no  rights  until  they  are  declared  by  law  to 
be  highways." 

It  also  appears  from  the  opinion  in  that  case,  that  even  in  Eng- 
land, from  the  days  of  Magna  Cliarta  the  public  had  an  easement 
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in  navigable  streams  above  the  points  at  which  they  were  effected  by 
the  ebb  and  flow  of  the  tide,  and  the  following  language  is  quoted 
from  Lord  Hale: 

"All  rivei  s  above  the  flow  of  tide  water  are,  by  the  common 
law,  prima  facie  private;  but  when  they  are  naturally  of  suf- 
ficient depth  for  valuable  floatage,  the  public  have  an  easement 
therein  for  the  purpose  of  transportation  and  commercial  inter- 
course; and,  in  fact,  they  are  public  highways  by  water." 

It  is  therefore  clear  that  in  our  State  there  is  a  classification  of 
streams  which  may  accurately  be  described  as  "private  navigable 
rivers." 

Refening  to  the  foregoing  quotation  from  Lord  Hale,  Mr.  Justice 
Woodward  said,  in  the  course  of  his  opinion  in  the  case  cited: 

"This,  I  apprehend,  is  an  exact  definition  of  our  creeks  and 
smaller  rivers,  such  as  have  been  granted  by  warrant  aud  sur- 
vey. They  are  private  property,  but,  if  of  sufficient  capacity,  at 
any  stages  of  water,  to  be  used  for  transportation  of  lumber  or 
other  goods,  they  are  held  subject  to  that  public  easement  which 
our  English  ancestry  guarded  with  great  jealousy,  as  numerous 
old  statutes  subsequent  to  Magna  Charta  abundantly  attest. 
When,  therefore,  our  legislatures  declare  such  streams  to  be  pub- 
lic highways,  the  Act  is  merely  declaratory  of  the  common  law," 
etc. 

The  third  class  of  streams  referred  to  in  the  Act  of  1907  may  be 
described  as  "streams  declared  public  highways  by  Acts  of  Assem- 
bly." Acts  declaring  streams  public  highways  have,  as  a  rule,  been 
confined  to  private  streams  where  there  was  some  doubt  as  to  whether 
they  were  in  fact  navigable.  As  we  have  seen,  if  a  private  stream 
is  in  fact  navigable,  it  is  a  public  highway,  whether  so  declared  by 
statute  or  not.  In  so  far  as  your  Commission  is  concerned,  the 
practical  effect  of  an  Act  declaring  a  private  stream  a  public  high- 
way, is  to  relieve  the  Commission  of  any  inquiry  as  to  whether  or 
not  the  stream  is  in  fact  navigable.  The  effect  of  such  acts  is  de- 
fined in  Coovert  vs.  O'Connor,  supra,  in  the  course  of  the  opinion  in 
which  case  it  is  said  that  declaring  a  stream  a  public  highway:  .... 

"Does  not  divest  the  property  previously  acquired  by  a  grant 
from  the  Commonwealth  as  between  these  parties,  but  leaves  to 
the  owner  his  right  to  the  soil  covered  with  the  water  to  the 
middle  of  the  stream  as  well  as  everv  other  right  he  purchased, 
not  inconsistent  with  the  public  use  of  the  stream  as  a  highway; 
which  is  all  in  the  case  of  streams  not  by  nature  large  rivers  or 
prin^'ipal  streams  of  the  Commonwealth,  that  the  Common- 
woaUh wealth  may  be  considered  as  tacitly  reserving  at  the  time 
of  the  grant,  whenever  the  public  benefit  should  hereafter  re- 
qui:  e  a  legislative  declaration  to  be  made." 
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It  is  apparent  from  these  definitions  that  the  L^slature  in  pasr 
ing  the  Act  of  1907^  used  accurate  and  discriminating  language  in 
describing  the  waters  over  which  your  Commission  should  have  ju- 
risdiction for  the  purposes  mentioned  in  the  Act,  and  it  is  clear  that 
your  Commission  by  said  Act  was  given  jurisdiction  over,  first,  all 
public  rivers;  second,  all  private  rivers  which  are  in  fact  navigable, 
although  not  declared  public  highways  by  Acts  of  Assembly,  and, 
third,  all  private  streams  which  have  been  declared  public  highways. 

Applying  these  conclusions  to  the  illustration  mentioned  in  your 
communication  you  are  advised  that  if  the  Casselman  river  is  in  iact 
navigable,  within  the  definition  given  above,  your  Commission  has 
jurisdiction  to  regulate  all  encroachments  in  or  along  the  same. 

Although  not  necessarily  involved  in  your  inquiry,  it  may  be  ad- 
visable to  point  out  that  in  the»  opinion  of  this  Department  your  Com- 
mission may  have  jurisdiction  under  certain  conditions  over  purely 
private  non-navigable  streams.  It  is  provided  by  the  Act  of  1907, 
not  onl}'^  that  no  obstructions  shall  be  constructed  in  or  along  a  pub- 
lic or  naxigable  river  or  stream,  heietofoie  declared  a  public  high- 
way, but  also  that  no  person,  corporation  or  municipality  shall,  "in 
any  manner  change  or  diminish  the  course,  current  or  cross  section 
of  any  such  river  or  stream"  without  tlie  approval  of  the  Com- 
mission. 

If  the  construction  of  a  dam  or  other  obstruction  in  a  purely  pri- 
vate non-navigable  stream  would  have  the  effect  of  changing  or 
diminishing  the  course,  current  or  cross  section  of  any  public  or 
navigable  river,  heretofoie  declared  a  public  highway,  the  Commis- 
sion under  the  terms  of  said  Act  would,  in  the  opinion  of  this  Depart- 
ment, have  jurisdiction  to  regulate  the  construction  of  such  dam  or 
other  obstruction. 

In  reply  to  the  contention  of  counsel  for  the  corporations  referred 
to  in  your  letter,  it  may  be  obseived  that  the  construction  herein 
placed  upon  the  language  of  the  Act  in  question  is  in  harmony  with 
the  general  rule  of  construction  to  the  effect  that  a  limiting  clause 
or  phrase  following  several  expressions  to  which  it  might  be  ap^ 
plicable,  is  to  be  limited  to  tlie  last  antecedent. 

Under  this  general  rule  of  construction,  the  phrase  "heretofore  de- 
clared a  public  highway"  should  be  limited  to  the  last  antecedent 
"stream." 

Very  truly  yours, 

J.  E.  B.  CUNNINGHAM, 
Deputy  Attorney  General. 
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STREAM  GAGING. 

The  stream  gaging  system,  by  which  the  daily  flow  of  rivers  and 
creeks  is  determined  and  recorded,  has  been  maintained  and  ex- 
tended, ninety-two  stations  now  reporting  regularly.  The  report  for 
1911  cop  tains  the  complete  recoids  ol  the  flow  of  streams  in  the  State, 
or  flowing  into  or  out  from  Pennsylvania,  which  have  been  carefully 
and  systematically  measured.  The  present  report,  in  Appendix  B, 
gives  the  1912  records  of  these  streams,  and  it  is  proposed  to  publish 
in  subsequent  annual  reports  the  flow  of  streams  for  each  current 
year.  All  possible  means  are  used  to  make  this  valuable  information 
trustworthy  and  accurate,  as  it  is  the  foundation  upon  which  plans 
for  the  best  utilization  and  development  of  the  waters  of  the  Com- 
monwealth must  be  built.  Although  Pennsylvania,  through  the  Com- 
mission, is  now  operating  one  of  the  most  extensive  State  systems 
of  stream  gaging,  the  importance  of  this  work  and  of  the  informa- 
tion collected  thereby  cannot  be  overestimated.  The  system  should 
be  broadened,  the  number  of  stations  increased,  and  improved  gages 
should  be  installed.  To  do  this  would  require  a  largely  increased  ap- 
propriation, but  the  Commission  feels  that  the  results  obtained  would 
be  more  than  commensurate  with  the  cost. 

EXAMINATION  OF  DAMS. 

At  the  direction  of  the  Governor,  the  Commission  has  endeavored 
to  maintain  supervision  of  the  design  and  construction  of  dams,  so 
far  as  information  lias  been  secured.  The  following  dams  have  been 
built,  or  are  under  construction,  in  accordance  with  plans  approved 
by  the  Commission,  and  aie  subject  to  periodic  inspection  by  its 
representatives. 


Uaging  Station   on   Analomitik   Creek,   nt   Henryvillp,   Monroe   County. 
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During  1912  thii>ty-two  dams,  heretofore  constructed,  have  been 
examined,  upon  the  request  of  individuals  or  municipalities,  or  upon 
application  of  the  parties  utilizing  the  structures,  with  the  result 
that  in  a  number  of  instances  changes  in  the  design,  of  greater  or 
less  extent,  have  been  required. 

Table  No.  7  shows  the  number,  type,  dimensions,  ownership,  and 
location  of  dams  examined  during  1912. 
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DEFECTIVE  DAMS. 

An  investigation  has  been  made  of  failures  or  partial  failures  of 
dams  which  have  occurred  in  this  State,  and  descriptions  of  some  of 
these  structures  and  of  their  manner  of  failure  is  attached  to  this 
report.  Most  prominent,  because  of  the  great  loss  of  life  and  prop- 
erty which  resulted,  are  the  Johnstown  and  Austin  catastrophies.  A 
study  of  these  failures  may  aid  in  preventing  the  repetition  of  such 
disasters.  Wherever  reliable  information  can  be  obtained,  the  Com- 
mission is  also  collecting  and  compiling  data  concerning  failures  of 
dams  throughout  the  world,  but  these  data,  although  of  great  inter- 
est, are  too  voluminous  to  include  in  the  report. 

Although  this  record  of  the  injuries  to  important  dams  in  Penn- 
sylvania, extending  over  some  twenty-five  years,  warrants  investiga- 
tion of  all  existing  structures  and  careful  scrutiny  of  those  being 
built,  it  should  be  remembered  that  the  number  of  dams  which  have 
proved  insecure  is  a  small  percentage  of  those  which  have  been  con- 
structed within  the  Commonwealth.  The  Commission  also  recognizes 
the  existence  of  some  structures  on  our  streams  which  are  open  to 
suspicion  and  may  cause  anxiety,  but  is  using  its  best  efforts  to 
eliminate  such  structures. 

INVESTIGATION  OF  WATER  RESOURCES. 

The  Act  of  May  4th,  1905,  organizing  the  Commission,  charged 
it  with  the  duty  of  procuring  all  data  and  facts  necessary  to  advise 
it  thoroughly  of  tlie  situation  of  the  water  supply  of  the  State.  This 
the  Commission  has  done,  in  so  far  as  the  resources  at  its  command 
permitted,  and  in  its  annual  reports  has  placed  the  same  at  the  dis- 
posal of  the  public. 

During  1908-09  an  examination  was  made  of  the  active  water 
works  in  the  State,  including  those  owned  and  operated  by  municipali- 
ties, corporations  and  private  individuals,  involving  755  separate 
systems.  The  1751  existing  charters  of  water  companies  were  also 
reviewed,  and  the  status  of  each  investigated  to  determine  whether 
or  not  advantage  had  been  taken  of  the  charter  rights.  The  results 
of  this  extended  study  were  published  in  the  1909  report. 

A  system  of  stream  discharge  measurements,  to  determine  the 
daily  flow  of  streams,  undertaken  by  the  Commission  in  1907,  has 
been  maintained  and  enlarged.  Some  of  the  large  rivers  and  a  few 
smaller  streams  had  been  previously  gaged  by  the  United  States 
Government  or  by  local  authorities.  In  the  1911  report  of  the  Com- 
mission all  reliable  data  of  stream  discharge  were  collected,  revised 
and  published,  to  present  in  one  volume  complete  records  of  reliable 
stream  flows  in  Pennsylvania,  which  is  believed  to  be  the  most  ex- 
tensive and  complete  published  by  a  State.  The  1912  records  ap- 
pear in  Appendix  B  to  this  report. 
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An  investigation  was  made  of  the  navigation  on  Pennsyiivania 
streams,  including  the  early  use  before  improvement;  and  a  thor- 
ough collection  of  data  concerning  the  State  and  Corporate  Canal 
Companies  and  their  systems  of  navigation,  as  well  as  the  extent  of 
the  use  of  the  rivers  for  this  purpose  to-day,  has  been  made. 

A  census  has  been  made  of  the  developed  water  powers,  and  also 
an  investigation  of  outstanding  water  power  charters.  Record  was 
obtained  of  over  3,000  grist,  flour  and  saw  mills  operated  by  water 
power.  Their  total  capacity  is  considerable,  but  most  of  them  either 
cease  operating  in  diy  seasons  or  use  auxiliary  power,  and  numerous 
others  are  in  poor  physical  condition ;  the  total  number  in  use  is  de- 
creasing rapidly. 

The  largest  developments  of  water  power  in  Pennsylvania  are 
on  the  Susquehanna  watershed,  where  a  total  of  112,700  horse  power, 
rated  capacity,  is  installed  in  four  plants,  106,000  horse  power  be- 
ing on  the  main  river  below  Harrisburg,  where  two  plants  have  in- 
stalled 86,000  and  20,000  horse  power,  respectively.  The  remaining 
6,760  horse  power  is  in  two  plants  of  4,000  and  2,700  horse  power 
capacity,  respectively,  on  the  Frankstown  and  Raystown  branches  of 
the  Juniata  river,  in  the  vicinity  of  Huntingdon.  The  available 
power  of  the  Lehigh  river  has  probably  been  more  fully  utilized  than 
that  of  other  streams,  although  it  is  far  from  complete.  Along  this 
stream  from  Mauch  Chunk  to  Easton  the  fall  between  the  Lehigh 
Coal  and  Navigation  Company  canal  and  the  Lehigh  river  has  been 
developed  through  the  installation  of  a  total  of  over  5,000  horse 
power  of  wheels.  Similarly,  on  the  Schuylkill  river,  the  fall  between 
the  Schuylkill  Navigation  Company  canal  and  the  river  is  utilized 
by  manufactories  and  hydro-electric  plants,  between  Reading  and 
Philadelphia,  to  the  extent  of  3,500  installed  horse  power. 

In  the  western  part  of  the  State  there  is  practically  no  hydro-elec- 
tric development  on  the  Allegheny  and  Monongahela  watersheds, 
but  on  the  lower  five  miles  of  the  Beaver  river  manufacturing  and 
hydro-electric  plants  have  installed  2,800  horse  power  of  turbines. 

Those  mentioned  are  all  of  the  important  water  power  develop- 
ments in  the  State.  Many  are  projected,  however,  and  during  the 
last  two  years  charters  have  been  granted  covering  the  development 
of  over  175,000  horse  power  by  five  extensive  projects.  The  pro- 
posed plants  differ  from  those  now  operating  in  an  important  re- 
spect,— in  that  the  present  hydro-electric  plants  are  all  operating 
on  unregulated  rivers,  and,  therefore,  have  a  greatly  fluctuating  out- 
put; while  those  recently  incorporated,  with  one  exception,  involve 
the  practically  complete  storage  and  regulation  of  the  streams  to 
be  used  and  thorough  utilization  of  the  power  thereof,  the  output 
being  mostly  primary  power.  These  developments  involve  high  dams, 
large  storage  reservoirs  and  equable  flow  throughout  the  year,  which 
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woul<f  benefit  the  dry  weather  flow  of  the  rivers  to  which  the  de- 
veloped streams  are  tributary,  reduce  the  floods  thereon,  and  im- 
prove navigation. 

The  undeveloped  water  power  resources  should  be  completely  in- 
vestigated, and  through  its  stream  gaging  system  the  Commission 
has  taken  an  important  step  to  advance  this  study.  The  location 
and  examination  of  storage  reservoirs  is  a  factor  of  moment  in  con- 
sidering this  phase  of  the  utilization  of  the  streams,  and  it  will  re- 
quire generous  appropriations  to  investigate;  this  question  thor- 
oughly. At  the  same  time,  the  problem  of  stream  regulation  for  in- 
creasing dry  weather  flow,  navigation  and  flood  reduction  should 
be  studied. 

It  is  to  be  regretted  that  a  systematic  investigation  of  this  sort 
was  not  made  before  our  streams  became  so  generally  followed  by 
railroads,  and  bordered  by  settlements,  for  these  may  increase  the 
cost  of  the  development  of  valuable  water  powers  beyond  economic 
limits.  Under  the  Act  of  May  28th,  1907,  the  Commission  has  been 
able  to  reserve  at  least  one  valuable  water  power  stream  for  such 
use,  by  determining  the  point  at  which  a  railroad  should  cross  it, 
so  as  not  to  interfere  with  the  ultimate  development  of  the  stream. 
It  is  hardly  reasonable  to  hold  up  railroad  development  because  it 
has  not  been  determined  whether  or  not  water  power,  navigation  or 
storage  should  be  given  preference  on  a  certain  stream;  but  if  a 
systematic  study  had  been  made  and  the  best  utilization  of  the  im- 
portant streams  already  determined,  such  questions  could  be  more 
readily  settled.  The  State  should  pass  upon  the  occupancy  of  a 
stream  valley  by  a  railroad  before  its  charter  is  granted  or  work 
commenced.  A  comprehensive  plan  of  development  and  utilization 
of  the  water  resources  should  be  built  upon  the  foundation  laid  by 
the  Commissioip,  which  should  be  done  speedily,  so  as  not  to  retard 
legitimate  industrial  development,  whether  such  utilization  and 
the  regulation  of  the  flow  of  streams  is  to  be  undertaken  by  State 
or  private  enterprise. 

The  two  largest  recently  approved  water  power  projects  were 
granted  subject  to  certain  restrictions  and  limitations,  which  it 
was  considered  necessary  to  attach  to  the  charters  owing  to  the  ab- 
sence of  legislation,  but  all  subsequent  applications  for  water  power 
charters  have  been  held  under  advisement,  pending  the  passage  of 
laws  more  fully  covering  the  subject.  The  changes  which  have  been 
taking  place  in  hydro-electrical  development  have  not  been  kept 
pace  with  in  legislation,  and  the  session  of  1913  should  provide  the 
necessary  laws  giving  proper  jurisdiction  to  the  State  over  such  cor- 
porations.   Following  are  the  conditions  of  approval  referred  to. 
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CONDITIONS    IN    RE    APPROVAL    OF    MERGER    OP    CLARION    RIVER 
POWER  COMPANY. 

Approved  May  28th,  1912,  subject  to  the  following  conditions: 

"First.  That  the  corporation  formed  by  the  above  proceedings  in 
merger  and  consolidation  shall  not  construct,  erect,  or  build  any 
dam,  wall,  wing-wall,  wharf,  pier,  embankment,  abutment,  projection, 
or  other  obstruction  in  or  along  any  river  or  stream,  nor  in  any 
manner  change  or  diminish  the  course,  current  or  cross  section  of 
any  river  or  stream,  unless  and  until  the  company  hereinabove 
named  shall  have  submitted  to  the  Water  Supply  Commission  of 
Pennsylvania  complete  maps,  plans,  profiles  and  specifications  and 
such  other  information  and  data  as  the  said  Water  Supply  Commis- 
sion of  Pennsylvania  may  deem  necessary  relating  to  any  proposed 
dam,  wall,  wing-wall,  wharf,  pier,  embankment,  abutment,  projec- 
tion or  other  obstruction,  and  a  majority  of  the  members  of  the 
Water  Supply  Commission  of  Pennsylvania  shall  have  approved 
the  same: 

"Second.  That  on  or  before  May  1st,  1913,  there  shall  be  pre- 
sented to  The  Water  Supply  Commission  of  Pennsylvania  the  fol- 
lowing data,  determined  by  actual  physical  inspection,  test  and 
survey: 

"(a)  An  accurate  map  of  the  area  flooded  by  each  dam,  with 
contours  sufficient  to  calculate  the  quantity  of  water  impounded 
at  various  depths;  also  revised  data  concerning  rainfall,  run- 
off, available  storage,  and  the  effects  upon  them  by  drought  or 
freshet  conditions.  Also  the  extent  to  which  the  reservoirs 
formed  can  be  used  to  ameliorate  floods  in  the  Clarion  and 
Allegheny  rivers; 

"(b)  Design  of  each  dam  with  spillways,  drains,  and  other 
appurtenances,  showing  its  proportions,  with  stress  diagrams, 
demonstrating  the  stability  and  adaptability  to  the  site  se 
lected ; 

"(c)  Definite  information,  obtained  by  suitable  investigation, 
concerning  the  character  of  foundation  upon  which  the  dam 
will  rest,  and  of  the  geological  structure  of  the  side  slopes  of 
the  valley; 

"(d)  Method  proposed  for  utilizing  the  water  power,  in 
sufficient  detail  to  advise  The  Water  f^upply  Commission  of 
Pennsylvania  of  the  location  and  character  of  power  station, 
with  its  equipment,  and  of  the  distribution  of  the  power  de- 
veloped, 

"The  data  as  to  foundation,  side  slopes,  proportion  of  the 
dam,  spillway,  power  station,  and  other  appurtenances,  to  be 
accompanied  by  reports  from  at  least  two  engineers  of  recog- 
nized standing,  and  familiar  with  similar  structures,  as  to  their 
stability,  sufficiency,  and  adaptability  for  the  purpose  and  loca- 
tion indicated. 
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"Third.  That  the  requirements  of  the  Corps  of  Engineers,  United 
States  Army,  in  charge  of  the  Allegheny  river,  as  to  the  minimnm 
stream  discharge,  must  be  unbodied  in  any  plan  for  using  the  water 
stored,  as  well  as  the  rights  of  lower  riparian  owners  to  have  avail- 
able at  all  times  at  least  the  minimum  stream  flow,  as  determined 
by  The  Water  Supply  Commission  of  Pennsylvania,  must  be  pro- 
tected. 

"Fourth.  That  the  construction  of  the  dam  must  be  under  the 
personal  supervision  of  an  engineer  skilled  in  this  branch  of  his  pro- 
fession, who  must  be  constantly  represented  by  competent  inspectors 
to  issue  that  the  construction  is  carried  out  in  strict  conformity 
with  the  plans  and  specifications  which  may  be  approved  by  the  Com- 
mission; this  to  be  entirely  independent  of  such  inspection  and 
oversight  as  the  Commission  elects  to  give  to  the  work. 

"Fifth.  That  the  company  hereinabove  named  must  satisfy  the 
Commission,  by  written  testimony  satisfactory  to  the  Commission, 
on  or  before  November  1st,  1913,  of  its  ability  to  carry  the  construc- 
tion forward  promptly  and  continously,  a  requirement  which  is  de- 
manded by  the  influence  which  the  proposed  improvement  will  have 
upon  the  property  values  afi'ected. 

"Sixth.  That  the  operation  of  reservoirs,  in  so  far  as  the  con- 
trol of  floods  and  the  maintenance  of  low  water  flow  is  concerned, 
shall  be  subject  to  the  direction  and  jurisdiction  of  the  Water  Sup- 
ply Commission  of  Pennsylvania. 

"Seventh.  That  in  disposing  of  the  power  produced  by  the  said 
company,  the  preference  shall  be  given  to  individuals,  corporations 
and  committees  within  the  State  of  Pennsylvania,  upon  equal  terms 
and  conditions  of  payment  for  the  same ; 

"Eighth.  That  this  charter  shall  not  go  into  effect  until  the 
company  shall,  pursuant  to  corporate  action,  accept  the  same  by  its 
proper  officials,  covenanting  at  the  same  time  that  a  failure  to  com- 
ply with  the  conditions  herein  named  shall  work  a  revocation  of  its 
privileges  by  said  charter  granted;  said  acceptance  shall  be  filed  in 
the  office  of  the  Water  Supply  Commission  of  Pennsylvania,  and  a 
copy  theieof  in  the  office  of  the  Secretary  of  the  Commonwealth, 
within  thirty  (30)  days  after  the  issuance  of  Letters  Patent  by  the 
Governor  of  the  Commonwealth." 

PYMATUNING  SWAMP  INVESTIGATION. 

An  important  step  in  the  development  of  our  water  resources  was 
taken  during  the  year  in  the  completion  of  an  examination  and  re- 
port by  the  Engineering  Corps  of  the  Commission  upon  the  feasibil- 
ity of  constructing  a  storage  reservoir  in  Pymatuning  Swamp, 
Crawford  county.  This  swamp,  covering  over  10,000  acres,  lies  at 
the  headwaters  of  the  Shenango  river,  which  passes  through  Oreen- 


ville,  Sharon,  Farrell,  and  New  Castle,  thence  into  the  Beaver  river 
and  later  into  the  Ohio  river.    The  dry  weather  flow  of  this  stream 
as  the  report  shows  is  insufficient  for  the  industrial  and  domestic 
uses  required  of  it,  while  on  these  streams  the  value  of  water  powers 
is  decreasing;  sanitary  conditions  are  bad,  and  frequent  damage  is 
caused  by  floods.    The  report  demonstrates  that  the  construction  of 
a   reseivoir  in  this  swamp,  to  store  sixty-one  thousand  million  gal- 
lons, is  feasible  and  will  give  an  kmple  water  supply  the  year  around, 
improve  the  water  power  and  sanitary  conditions  in  the  lower  valley, 
and  reduce  flood  damage.    The  full  report  of  the  Commission  on  this 
project,  which  was  made  as  a  result  of  a  special  appropriation  by 
the  Legislature  of  1911,  is  attached  to  this  report  as  Appendix  A. 
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CHAPTER  II. 

FAILURES  AND  PARTIAL  FAILURES  OF  DAMS  IN  PENNSYLVANIA. 

Examinations  of  dams  which  have  failed  wholly  or  in  part,  and 
study  of  reports  and  descriptions  of  such  structures,  are  fertile 
sources  from  which  to  obtain  practfcal  knowledge  concerning  meth- 
ods of  designing  and  building  them,  and  the  Commission  has  made 
it  a  point  to  obtain  such  information  whenever  possible. 

Exceedingly  few  of  the  large  dams  in  Pennsylvania  have  failed; 
but  three  great  catastrophies  have  unfortunately  resulted  from  this 
cause, — at  Johnstown,  in  1889;  at  Oakford  Park,  in  1903,  and  at 
Austin,  in  1911,  resulting  in  the  loss  of  2,142,  23  and  77  lives  re- 
spectively. The  majority  of  injured  dams  have  been  small,  unim- 
portant structures,  causing  little  injuiy.  When  large  and  important 
dams  have  failed  investigation  has  proved,  unfortunately,  that  suf- 
ficient caution  and  thoroughness  have  not  been  exercised  in  the 
design,  construction  and  maintenance. 

Table  No.  8  gives  28  of  the  larger  dams  in  Pennsylvania  which 
have  suffered  total  or  partial  failure.  Some  of  these  have  resulted 
in  the  absolute  demolition  of  the  structure,  and  complete  and  rapid 
emptying  of  the  reservoir,  requiring  entire  rebuilding  or  abandon- 
ment. Others  affected  only  portions  of  the  dams,  and  did  not  result 
in  the  entire  loss  of  stored  water.  These  28  dams  have  failed  or 
have  been  injured  within  the  last  twenty-five  years,  and  there  have 
doubtless  been  numerous  others  of  which  record  has  not  been  ob- 
tained. Four  of  them  have  resulted  directly  in  tlie  loss  of  life,  and 
many  have  caused  property  loss  only  in  so  far  as  the  structure  itself 
is  concerned. 
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In  the  following  pages  descriptions  of  certain  of  the  failures  or 
partial  failures  liste<l  in  the  above  table  are  given.  Unfortunately, 
full  details  could  not  be  obtained  concerning  all  of  these,  but  an  at- 
tempt is  being  made  to  secure  information  regarding  the  remainder. 

An  analvsis  of  Table  No.  8  indicates  that  16  of  the  28  dams  were 
earthen  structures,  6  masonry  and  6  timber  crib.  The  following 
Table  No.  9  indicates  the  cause  of  the  failures  or  injuries  in  each 
of  the  three  types  of  dams. 

TABLE  NO.  9. 
Cause  of  Failure  or  Partial  Failure  of  Dams  in  Pennsylvania. 
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It  will  be  observed  that  the  principal  cause  is  insufficient  spill- 
way capacity,  and  that  this  occurs  in  earthen  structures,  resulting 
in  overtopping;  the  embankment  and  its  subsequent  erosion  or  de- 
struction. In  one  case  of  this  sort  the  presence  of  a  concrete  core- 
wall  within  the  embankment  apparently  saved  the  structure  from 
being  carried  entirely  away. 

The  second  largest  number  is  from  im])roper  construction,  which 
means  that  if  these  dams  had  been  built  with  care  and  thoroughness, 
with  the  same  dimensions,  they  probably  would  have  been  stable. 
In  the  case  of  the  four  earthen  dams  which  failed  or  were  damaged 
from  this  cause,  two  were  not  built  of  material  suitable  for  the 
juirpose,  while  the  other  two  failed  during  construction;  in  one  in- 
stance because  suitable  provision  was  not  made  for  taking  care  of 
the  flood  flow  in  the  stream  and  in  the  other  because  the  core-wall 
was  built  almovst  to  its  full  height  in  advance  of  the  embankment. 
In  the  case  of  the  single  masonry  failuiie  the  concrete  was  poor,  while 
the  timber  dams  were  either  not  suitably  filled  with  stone  or  had 
been  allowed  to  decav. 

r 

The  four  dams  which  failed  from  faulty  design  and  construction 
nre  unfortunately  typical  of  many  such  structures  in  which  the  lay- 
man failed  to  realize  the  necessity  and  advantage  of  securing  engi- 
neering advice,  and  it  is  remarkable  that  so  many  of  such  structures 
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have  withstood  the  test.  It  can  be  claimed  that  the  dams  having  in- 
sufficient spillways  were  faulty  in  design,  but  the  distinction  has 
been  made  on  account  of  the  large  percentage  of  failure  from  this 
cause. 

Four  of  the  dams  had  faulty  foundations.  Three  of  tliese  were 
masonry  structures,  and  one  was  earthen.  It  is  needless  to  say 
that  a  good  foundation  is  absolutely  essential  for  stability  and  effi- 
ciency in  a  dam,  and  that  the  importance  of  securing  such  founda- 
tion increases  with  the  height  of  the  structure. 

One  dam  proved  unsuccessful  because  of  percolation  along  the  pipe 
lines  through  the  embankment,  a  condition  which  may  jeopardize 
others. 

There  are  many  dams,  possibly  a  thousand  or  more,  of  various 
types  in  Pennsylvania,  and  of  these  between  three  and  four  hun-^ 
dred  store  considerable  volumes  of  water  and  whose  failures  might 
cause  disaster.  As  our  State  becomes  more  densely  populated  it 
becomes  more  necessary  to  prevent  insecure  dams  from  being  built, 
as  the  liability  of  damage  from  a  dam  failure  increases.  Few  have 
failed,  and  in  these  cases  the  cause  is  usually  quite  evident.  Many 
of  the  smaller  structures  were  designed  and  built  by  men  inex- 
perienced in  engineering;  and  it  is  believed  that,  by  insisting  on 
proper  engineering  talent  in  the  designing  of  such  structuies,  the 
State  may,  by  a  critical  review  of  the  plans  and  specifications  and 
by  careful  and  systematic  inspection  during  construction,  insure  a 
smaller  ratio  of  insecure  dams.  In  the  case  of  earth  filled  dams,  as 
above  stated,  the  spillway  capacity  is  a  vital  point,  and  it  is  hardly 
to  be  expected  that  a  man  not  familiar  with  the  variability  of  stream 
flow  will  be  able  to  properly  estimate  the  dimensions  required  for 
safety.  It  has  been  found  that  in  the  plans  which  have  been  placed 
before  the  Commission,  in  connection  with  applications  for  construc- 
tion of  new  dams,  in  few  cases  has  the  spillway  capacity  been  suf- 
ficient, according  to  the  standards  of  the  Commission. 

At  one  time,  the  predominating  type  of  dam  in  Pennsylvania  was 
the  timber  crib  structure,  stone  or  earthen  filled,  used  for  logging 
and  ice  pond  purposes,  and  for  improving  navigation.  Many  of 
them  have  been  in  existence  for  scores  of  years,  but  not  being  prop- 
erly maintained  and  kept  in  repair  their  deterioration  has  been 
rapid,  and  numerous  failures  have  occurred. 

Another  feature  deserving  attention  is  the  existence  of  abandoned 
dams.  Such  structures  are  a  menace  and  should  be  removed.  Of 
this  class  are  dams  which  have  been  built  for  logging  or  ice  ponds, 
and  their  usefulness  has  expired  by  reason  of  discontinuance  of  the 
operations  which  made  their  construction  necessary.  The  attention 
of  the  owners  of  such  dams  is  directed  to  the  potential  danger  in 
these  structures. 
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AUSTIN  DAM. 

The  Austin  concrete  dam  was  constructed  in  1909  on  Freemans 
Run,  near  Austin,  Potter  County,  which  stream  has  been  used  since 
1902  for  water  supply  by  the  Bayless  Pulp  and  Paper  Company, 
of  Binghamton,  ISew  York,  at  its  mUl  on  the  cr^ek  about  one-half 
mile  above  the  town.  The  first  dam  built  by  this  company  was  a  low 
earthen  structure,  with  masonry  core-w^all,  one  mile  above  the  mill, 
which  provided  a  reservoir  of  small  capacity,  and  soon  failed  to 
meet  the  increased  water  consumption  in  the  plant.  A  reservoir  of 
larger  capacity  was  decided  upon,  and  an  engineer  engaged  to  de- 
sign and  supervise  the  construction  of  a  concrete  dam  of  sufficient 
dimensions  to  form  a  reservoir  of  200,000,000  gallons  capacity.  Con- 
struction work  on  a  percentage  basis  was  begun  in  May  and  com- 
pleted in  November,  1909.  The  concrete  dam  was  about  800  feet  be- 
low the  earthen  structure,  nearly  three-quarters  of  a  mile  above  the 
paper  mill,  and  one  and  one-quarter  miles  above  the  center  of  the 
village.  The  reservoir,  as  constructed,  had  a  capacity  of  appromi- 
mately  350,000,000  gallons,  the  pool  being  3,300  feet  long  and  500 
feet  wide,  and  the  area  of  the  water  surface  about  35  acres.  On  Sep- 
tember 30th,  1911,  this  dam  suffered  complete  failure,  resulting  in  the 
loss  of  77  lives. 

Freemans  Run  drains  an  area  of  34  square  miles  in  the  south- 
western part  of  Potter  County,  joining  the  first  fork  of  Sinnemahon- 
ing  Creek  at  Costello.  At  Austin,  three  miles  above  its  mouth,  the 
stream  forks,  the  main  branch  draining  an  area  of  15  square  miles, 
and  the  west  branch  an  area  of  12  square  miles.  The  Bayless  dam  is 
on  the  main  stream,  the  drainage  area  above  consisting  of  14  square 
miles  of  mountainous  land,  almost  entirely  denuded  of  timber.  The 
runoff  from  this  territory  is  rapid  and  the  stream  is  flashy  in  char- 
acter, the  yearly  rainfall  over  this  district  averaging  about  40  inches. 
Below  the  dam  the  valley  follows  a  straight  line  to  Austin,  de- 
scending some  15  feet  in  the  IJ  miles,  and  being  from  600  to  1,000 
feet  in  width,  with  steep  and  barren  hillsides.  Below  Austin  the 
valley  becomes  narrower,  and  tlie  side-hills  are  steeper  and  partly 
timbered.  This  portion  of  the  valley,  and  that  of  the  West  Branch, 
is  followed  by  the  Buffalo  &  Susquehanna  Railroad,  while  the  main 
stream  above  Austin  is  followed  only  by  a  public  highway.  The 
borough  of  Austin  had  a  population,  before  the  flood  of  September 
30th,  1911,  of  approximately  3,000,  while  the  population  of  the 
town  of  Costello  was  about  500.  The  houses  in  Austin  followed  the 
main  stream  above  and  below  the  forks  and  the  West  Branch  of 
Freemans  Run,  with  a  majority  of  the  houses  and  mills  in  the  flat 
along  the  main  stream. 

The  new  dam  was  constructed  of  bouider  concrete,  approximately 
550  feet  long  on  top  and  of  a  maximum  height  of  practically  50  feet. 
The  width  of  the  crest  was  30  inches  and  the  maximum  width  on 


STUDIES   FOR  REINFORCINO  MASONRY  DAM  AT  AUSTIKPA. 
E.WEQMANN, CONSULTING-  ENGINEER 

Engineering  News. Vol. 66  No  14 


39 

the  base  30  feet,  the  upstream  face  being  vertical,  with  a  rolled  em- 
bankment placed  against  it  to  within  30  feet  of  the  crest.  The 
spillway,  which  was  in  the  center,  was  40  feet  long  and  30  inches 
deep. 

The  following  description  of  the  construction  and  the  accompany- 
ing Figure  2  are  taken  from  the  Engineering  News  of  March  17th, 
1910: 

"The  entire  valley  is  underlain  with  sandstone  rock  in  horizontal 
layers  running  from  8  inches  to  3  feet  thick.  Between  these  layers 
beds  of  shale  and  disintegrated  sandstone  were  located,  but  there 
were  very  few  vertical  cracks  to  be  observed  in  the  bed  of  rock.  Upon 
the  surface  of  the  rock  there  was  from  5  to  8  feet  of  earth  and  com- 
pacted gravel  deposited  from  the  washings  of  the  side-hills.  This 
was  so  well  cemented  together  that  it  was  removed  with  utmost 
difficulty,  and  but  little  water  filtered  through  it  into  the  founda- 
tion trench  during  construction. 

"In  preparing  the  foundation  all  loose  rock  was  removed  and 
the  concrete  only  started  after  a  solid  stratum  of  at  least  2  feet 
thick  was  encountered.  The  surface  of  the  rock  was  well  washed  and 
grouted.  A  cut-off  wall  4  feet  thick  and  4  feet  deep  was  built,  as 
shown  upon  plan.  Fig.  2,  and  in  every  case  this  cut-off  wall  was 
carried  down  to  good  rock.  In  order  to  reinforce  the  dam  twisted 
steel  rods  1^  inches  in  diameter  and  25  feet  long  were  built  into 
the  wall  vertically  5  feet  inside  of  the  upstream  face.  Holes  were 
drilled  into  the  foundation  rock  from  5  to  8  feet  deep,  and  2.66  feet 
between  centers,  and  the  steel  rods  with  expansion  bolt-heads  were 
placed  into  these  holes,  which  were  then  grouted. 

"Upon  each  side  of  the  spillway  a  pilaster  was  built  which  was 
reinforced  by  ^-inch  steel  rods  to  prevent  cracking.  The  top  12 
feet  of  the  dam  was  reinforced  with  ^-inch  steel  rods  spaced  2  feet 
vertically  and  4  feet  horizontally  to  prevent  cracking.  Against  the 
'Upstream  face  of  the  dam  an  earthen  embankment  was  laid  at  a 
slope  of  3  to  1  and  reached  to  within  27  feet  of  the  normal  water 
level  at  the  upstream  face  of  the  dam.  This  embankment  was  com- 
posed of  disintegrated  shale,  clay  and  some  loam,  free  from  large 
stones,  and  was  carefully  compacted  by  grooved  rollers  in  6  to  8 
inch  layers,  the  work  being  carefully  and  well  done. 

"The  dam  was  composed  of  cyclopean  concrete,  with  large  quarry 
stone,  from  i  to  2  cu.  yd.  size,  embedded  firmly  in  wet  concrete. 
These  stones  were  placed  so  as  to  break  joints,  both  as  headers  and 
stretchers,  and  surrounded  with  not  less  than  6  inches  of  con- 
crete, generally  much  more.  In  every  case  the  concrete  was  built  in 
sections,  and  the  steps  dove-tailed  both  horizontally  and  vertically. 
In  building  into  the  side-hills  great  caie  was  used  in  getting  down 
to  good  firm  rock  foundation  before  any  concrete  was  laid. 
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"The  material  for  building  the  dam  was  "secured  from  quarries 
opened  at  either  end  of  the  dam,  where  duplicate  crushers  and  mix- 
ing plants  were  located.  The  sand  was  secured  by  crushing  the 
standstones  with  rolls  and  screening  through  sand  pans.  The  com- 
position of  the  concrete  was  one  part  Portland  cement,  three  parts 
of  sand  and  six  parts  of  broken  stone.  Each  shipment  of  cement,  as 
received,  was  tested  upon  the  works  by  the  resident  engineer,  who 
also  made  numerous  tests  to  ascertain  the  difference  between  the 
tensile  strength  when  using  washed  bar  stand  and  the  sand  se- 
cured from  crushing  stone.  In  every  case  the  mixture  containing 
the  sand  from  the  crushed  stone  gave  the  greater  tensile  strength. 

"The  concrete  was  handled  in  two  ways.  At  -the  two  ends  it 
was  run  down  chutes  upon  the  dam,  and  there  shoveled  into  place. 
In  the  middle  of  the  valley  the  cableway  stretched  across  the  valley 
carried  the  concrete  in  buckets  to  the  wall,  where  it  was  shoveled 
into  place.  In  every  case  it  was  well  turned  over  and  mixed  after 
leaving  the  mechanical  mixer." 

The  dam  contained  16,000  cu.  yds.  of  concrete  and  6,400  cu.  yds. 
of  embankment,  and  is  said  to  have  cost  about  |75,000. 

An  account  of  its  condition  between  the  time  at  which  it  was 
completed  December  1st,  1909,  and  its  collapse,  on  September  30th, 
1911,  together  with  a  description  of  its  partial  failure,  and  drawing 
illustrative  thereof,  is  quoted  from  an  article  by  Frank  P.  McKibben, 
Professor  of  Civil  Engineering,  Lehigh  University,  in  the  Journal 
of  the  Engineers'  Society  of  Pennsylvania,  January,  1912: 

"In  December,  1909,  after  the  dam  was  completed,  and  before 
there  was  any  water  in  the  reservoir,  two  vertical  cracks  appeared, 
one  51.3  feet  to  the  west  of  the  spillway  and  the  other  39.5  feet  to 
the  east  thereof.  These  cracks  were  about  one-sixteenth  inch  wide 
and  extended  from  the  ground  to  the  crest,  and  were  due  to  con- 
traction. In  January,  1910,  the  reservoir  filled  so  that  on  January 
21st,  water  was  flowing  over  the  spillway.  On  January  22nd  there 
was  a  landslide  on  the  east  hiU  on  the  downstream  side  of  the  dam 
and  water  was  passing  from  under  this  slide.  Furthermore,  water 
passed  under  the  structure  and  came  up  through  the  ground  on  the 
do\^Tistream  side  several  feet  below  the  dam.  The  next  day  that 
portion  of  the  structure  between  "a"  and  %,"  Fig.  3,  slid  down- 
stream 18  inches  at  the  bottom  and  31  inches  at  the  top,  and  ac- 
cording to  Engineering  News  this  sliding  was  a  maximum  at  a 
joint  *h'  and  running  out  to  nothing  at  'c'  and  *d.'  The  crack  at 
*a'  opened  4  inches,  at  *h'  4^  inches  and  at  *e'  and  T  2J  inches  at  the 
bottom  on  the  downstream  face  but  pinches  nearly  together  on 
the  upstream  face.'  The  reservoir  was  then  emptied  and  the  water 
pressure  on  the  upstream  face  thus  released  by  removing,  with  dyna- 
mite, an  upper  portion  of  the  dam  at  the  west  end,  a  large  "V" 
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shaped  section  nearly  f5  feet  deep  just  east  of  the  spillway,  and 
also  a  wooden  cap  from  the  downstream  end  of  the  clean-out  pipe. 
After  the  reservoir  was  emptied  it  was  seen  that  the  rolled  embank- 
ment which  had  been  originally  placed  against  the  upstream  face, 
as  shown  in  Fig.  8,  had  been  washed  out  for  a  distance  of  about 
100  feet  on  each  side  of  the  intake  chamber  and  that  each  side 
wall  of  this  chamber  had  a  crack  about  18  inches  wide.  These  side 
walls  of  the  chamber  were  perpendicular  to  the  dam's  upstream 
face,  so  that  a  motion  of  18  inches  at  the  bottom  of  the  dam 
caused  a  corresponding  crack  of  18  inches  in  the  walls  and  a  portion 
of  each  wall  remained  attached  to  and  moved  with  the  dam  when 
it  slid. 

"According  to  the  Engineering  News  of  March  17th,  1910,  excava- 
tions made  above  the  dam  showed  that  the  rock  foundation  together 
with  the  dam  had  slid  forward,  due  to  water  getting  under  the  founda- 
tion, softening  up  a  stratum  of  clay  or  shale  lying  between  two 
layers  of  rock,  and  permitting  one  layer  of  rock  to  slip  forward 
about  18  inches  upon  the  lower  layer.  After  the  structure  had 
moved  and  cracked,  as  above  described,  nothing  was  done  to 
strengthen  it,  but  water  was  again  allowed  to  collect  behind  it  so 
that  in  March,  1910,  there  was  a  depth  of  36  feet  of  water  in  the 
reservoir,  and  later  in  the  same  month  the  water  rose  to  within 
two  feet  of  the  overflow  and  two  streams  were  passing  under  the 
dam,  appearing  about  10  feet  below  the  toe,  and  another  stream  was 
passing  around  the  east  end  of  the  dam.  Evidently,  then,  the  clean- 
out  pipe  was  closed  so  that  the  reservoir  had  considerable  water  in 
it  two  months  after  the  first  failure." 

Following  this  partial  failure  plans  were  prepared  for  strengthen- 
ing the  structure,  and  were  submitted  to  the  Bayless  Company  in 
February,  1910,  but  nothing  was  done  toward  carrying  out  the  recom- 
mendations. The  proposed  method  of  repair  and  strengthening  is 
shown  in  Fig.  2,  and  includes  a  rock  load  placed  at  a  slope  of 
1^:1  against  the  downstream  face  of  the  dam  and  a  "masonry  or 
puddle  wall  or  cut-off  extending  to  impervious  stratum"  a  short  dis- 
tance above  the  upstream  face.  In  September,  1911,  one  of  the  holes 
blown  out  of  the  dam  in  1910  was  refilled,  and  the  other  was  in 
process  of  refilling  when  the  reservoir  overflowed  and  the  dam 
failed. 

Heavy  rains  caused  the  rapid  accumulation  of  water  in  the  reser- 
voir, and  on  the  afternoon  of  September  30th,  the  spillway  level  was 
reached  and  the  dam  leaked  badly  at  numerous  points.  About  2.30 
P.  M.,  when  two  inches  of  water  flowed  over  the  crest,  a  portion  of 
the  concrete  near  the  west  end  burst  forward  and  was  immediately 
followed  by  a  complete  demolition  of  the  structure,  proceeding  in 
sequence  from  the  west  to  the  east  end.  The  water,  released  almost 
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Eiimultaneously  across  the  dam,  picked  up  thousands  of  cords  of 
pulp  wood  stored  between  the  dam  and  the  paper  mill,  descending 
upon  the  town,  caused  the  loss  of  77  lives,  carried  away  buildings, 
streets,  trees  and  all  else  in  its  path,  in  Austin,  and  destroyed 
numerous  buildings  in  Oostello. 

The  structure  broke  into  eight  major  pieces,  numbered  consecu- 
tively from  1  to  8  in  Figure  4;  beginning  on  the  west  side.  No.  1  is 
the  west  cut-off  wall  30  inches  wide  on  top,  which  is  still  in  place  for 
about  135  feet.  No.  2  is  a  large  block  of  the  roUway,  20  feet  long, 
immediately  adjoining  the  cut-off  wall,  which  broke  off  about  35  feet 
below  the  crest,  where  its  width  was  18  feet,  pulling  away  from  four 
IJ  inch  twisted  steel  bars,  and  w^as  deposited  with  its  base  facing  up- 
stream about  100  feet  below  the  dam.  The  third  block  was  torn 
from  its  foundation,  leaving  a  portion  of  the  upstream  side  thereof, 
in  place  above  water,  and  was  deposited  some  40  to  50  feet  below  its 
original  position.  The  4th  piece,  100  feet  long,  containing  the 
foundation  and  rollway  section,  moved  downstream  so  that  at  its 
central  point  it  is  21  feet  off  line,  the  west  end  being  a  little  upstream 
of  the  east  end.  The  next,  or  5th  piece,  130  feet  long,  also  moved 
bodily  downstream,  its  west  end  being  approximately  25  feet  off  line, 
and  the  east  end  about  40  feet,  the  opening  between  the  4th  and  5th 
pieces  being  about  8  feet  at  tlie  top  and  3  feet  at  the  bottom.  This 
piece  includes  the  spillway.  A  large  crack  started  at  the  east  end  of  the 
spillway,  and  ran  down  the  face  of  the  dam  in  an  irregular  line  to 
the  water  line,  where  it  is  several  inches  wide.  The  6th  piece,  about 
80  feet  long,  likewise  moved  downstream  so  that  its  west  end  is 
about  60  feet  off  line,  and  its  east  end  about  25  feet.  Between  the 
5th  and  6th  pieces  is  a  large  gap  about  40  feet  wide,  in  which  lies  a 
block  of  concrete  which  appears  to  be  that  which  was  used  in  refill- 
ing the  gap  blown  out  by  dynamite  as  above  mentioned.  The  7th 
piece,  40  feet  long,  is  about  5  feet  off  line  at  the  west  end  and  almost 
on  line  at  the  east  end.  The  8th  piece  is  the  east  cut-off  wall  and 
it  is  in  place,  extending  20  feet  out  from  the  bank,  No.  7  having  been 
broken  from  it  at  this  point  where  the  retaining  wall  section  changes 
to  the  dam  section.  The  downstream  side  of  the  top  of  the  7th 
section  is  almost  touching  the  upstream  face  of  the  top  of  the  8th 
section.    The  sections  which  moved  are  inclined  slightly  upstream. 

The  exact  cause  of  the  failure  of  the  Austin  concrete  dam  has  not 
yet  been  definitely  determined,  and  cannot  be  until  the  foundation 
is  exposed  for  inspection.  It  appears  to  be  the  almost  universal 
opinion,  however,  that  the  dam  failed  by  sliding,  either  on  a  plane 
between  the  bottom  of  the  concrete  and  the  underlying  strata,  or 
along  a  joint  in  the  seamy  rock  foundation.  The  opinion  also  is 
practically  universal  that  there  was  upward  water  pressure  on  the 
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base,  and  along  the  horizontal  construction  joints  in  the  concrete 
masonry.  The  following  are  opinions  expressed  by  prominent  en- 
gineers, who  have  visited  the  ruined  structure: — 

Alfred  D.  Flinn — Coroner's  Inquest,  Nov.  2nd,  1911,  at  Oouders- 
port,  Pa., — "Improper  foundations,  incorrect  design,  faulty  con- 
struction, and  insufficient  supervision  were  the  causes  of  the  fail- 
ure. The  dam  failed  by  sliding  downstream,  and  breaking  into 
several  large  pieces  and  innumerable  small  fragments." 

John  R.  Freeman — Engineering  News,  October  19th,  1911 — 
"Subject  to  further  information,  it  appeared  to  me  that  in  this 
seamy  character  of  the  bed  rock  of  these  Austin  dams,  and  in 
the  lack  of  proper  precautions  to  meet  this  condition,  is  found 
the  immediate  cause  of  both  failures." 

Frank  P.  McKibben — Journal  of  the  Engineers'  Society  of 
Pennsylvania,  January,  1912 — "Failed  by  sliding,  first  on  frag- 
ment *G,'  where  all  concrete  slipped  on  the  underlying  strata, 
and  probably  immediately  thereafter  at  the  horizontal  construc- 
tion joint  under  fragment  *H;'  and  then  fragments  *F,'  *E,'  *D,' 
*C,'  and  'B'  slid  forward  on  the  underlying  strata." 

Walter  H.  Sawyer — Engineering  Record,  Nov.  4th,  1911 — 
"Failed  by  sliding  along  horizontal  construction  joints,  filled- 
with  laitance  of  but  little  strength.  Primary  cause  of  failure 
was  poor  inspection  and  construction."  Also,  in  Journal  of  the 
Association  of  Engineering  Societies  for  June,  1912 — "I  believe 
now  that  parts  of  the  dam  slid  along  the  upper  surface  of  the 
foundation  rock,  other  parts  on  a  plane  between  the  upper  layer 
of  the  foundation  rock  and  the  main  body  of  the  rock  itself ;  but 
the  larger  part  slid  on  joints  in  the  concrete,  which  were  lubri- 
cated by  the  laitance  left  during  construction." 

E.  Wegmann — Engineering  News,  October  12th,  1911 — "I  think 
that  all  engineers  who  have  examined  the  ruptured  dam  will 
ag^ee  that  the  failure  was  due  to  sliding." 

The  cross  section  of  the  dam  is  shown  in  Figure  2  and  on  it  are 
indicated  the  lines  of  pressure  for  the  dam  as  built,  for  reservoir 
empty;  for  reservoir  full,  with  no  allowance  for  upward  water  pres- 
sure under  the  base  or  in  the  body  of  the  dam;  and  for  reservoir 
full  with  an  assumed  upward  water  pressure  under  the  base  and 
joints  of  the  dam  equal  to  two-thirds  of  the  hydrostatic  pressure,  due 
to  the  head  at  the  upstream  face,  and  decreasing  uniformly  to  zero 
at  the  downstream  face.  The  weight  of  the  masonry  was  assumed 
to  be  135.4  lbs.  per  cu.  ft.,  which  is  probably  somewhat  low,  although 
on  the^eide  of  safety.  So  far  as  can  be  learned,  no  definite  deter- 
mination has  yet  been  made  of  the  weight  of  the  cyclopean  concrete. 
At  the  instigation  of  Mr.  Walter  H.  Sawyer  tests  for  weight  and  spe- 
cific gravity  were  made  of  samples  of  the  concrete  and  laitance  from 
the  dam  by  Mr.  Herbert  L,  Sherman,  of  Boston,  with  the  following 
results: 
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Calculations  were  made  of  the  stability  of  the  dam,  using  150 
pounds  per  cubic  foot  as  the  weight  of  the  masonry,  which  is  in  ap- 
proximate accordance  with  the  results  of  the  tests  quoted  above. 
Joints  were  assumed  to  be  11,  22,  33  and  44  feet  below  the  top  of  the 
dam,  and  at  the  base,  as  shown  on  Figure  5. 

In  Case  No.  1  the  reservoir  was  assumed  to  be  empty.  The  line  of 
pressure  is  found  to  be  slightly  within  the  middle  third  at  the  first 
joint  A-B,  11  feet  from  the  top  of  the  dam;  below  this  point  it  lies 
just  outside  of  the  middle  third  until  the  base  is  reached,  where  it  is 
slightly  within  the  middle  third.  The  dam  may  be  assun^ed  to  be 
stable  under  this  condition,  as  the  pressures  are  not  large. 

In  Case  No.  2,  the  reservoir  was  taken  as  full,  but  upward  pressure 
was  not  assumed  as  acting  upon  the  dam.  The  line  of  pressure  is 
found  to  lie  within  the  middle  third  at  all  joints  until  the  base  is 
reached,  where  it  is  1.2  feet  outside  of  the  one-third  point.  The  line 
of  pressure  should  have  been  kept  within  the  middle  third  of  the  dam 
at  every  joint. 

In  Case  No.  3,  the  reservoir  was  taken  as  full,  and  the  dam  was 
assumed  to  be  subjected  to  upward  pressure  on  the  horizontal  joints 
and  the  base,  varying  uniformly  from  two-thirds  of  the  hydrostatic 
pressure  at  the  upstream  face,  to  zero  at  the  downstream  face.  The 
line  of  pressure  is  found  to  lie  entirely  without  the  middle  third, 
varying  from  0.1  of  a  foot  at  joint  A-B  to  2.0  feet  at  joint  G-H,  and 
4.9  feet  at  the  base. 

The  maxima  pressures  are  found  to  be  4.8  and  6.25  tons  per  square 
foot,  or  67  and  87  pounds  per  square  inch,  respectively  in  Cases  2 
and  3,  which  are  within  safe  limits. 

From  the  calculations  it  is  evident  that  this  dam  exhibited  a  de- 
cided tendency  to  slide  upon  a  horizontal  joint  or  its  base.  In 
Case  3,  the  required  coefficient  of  friction  varies  from  0.60  at  joint 
A-B,  to  0,82  at  the  base;  and  inasmuch  as  0.65  is  the  maximum  allow- 
able coefficient  for  even  the  most  favorable  conditions,  which  certainly 
did  not  exist  in  this  structure,  it  is  plainly  to  be  seen  that  this  dam, 
with  its  shallow  foundations  on  thin  horizontal  layers  of  sandstone, 
shale  and  clay,  was  exceedingly  unstable  in  this  respect. 
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Calculating  this  in  another  way,  we  may  say  that  the  sliding  resist- 
ance of  the  dam  was  not  over  0.5  of  the  weight  of  the  dam  corrected 
for  upward  water  pressure,  or  about  48,000  lbs.  per  foot  of  dam. 
Since  the  horizontal  water  pressure  was  78,000  lbs.,  there  remains 
a  difference  of  30,000  lbs.  to  be  provided  for.  The  only  provision  to 
care  for  this  excess  pressure  was  the  setting  of  1^"  square,  twisted 
rods,  25  feet  long,  in  the  foundation  of  the  dam,  5  feet  from  the  up- 
stream face,  and  2  ft.  8  in.  apart.  For  these  rods  to  resist  success- 
fully the  30,000  lbs.  excess  pressure  per  foot  of  length  of  dam  it  would 
have  been  necessary  for  each  one  to  have  resisted  in  shear  a  stress 
of  80,000  lbs.,  or  51,000  lbs.  per  square  inch,  and  long  before  such  a 
stress  was  reached  the  concrete  would  have  cracked  or  split  away 
from  the  rods. 

From  the  above  description  and  calculations  it  is  evident  that  this 
dam  was  faulty  in  design  and  construction  in  the  following  re- 
spects: 

That  the  effect  of  upward  pressure  on  the  base  and  horizontal 
joints  was  not  provided  for. 

That  sufficient  provision  was  not  made  to  prevent  sliding  on  the 
base  or  joints. 

That  care  was  not  taken  to  prevent  the  existence  of  horizontal 
joints  or  planes  of  weakness,  and  the  laitance  was  not  removed. 

That  the  foundation  was  not  excavated  to  a  depth  sufficient  to 
prevent  the  underlying  strata  from  becoming  saturated,  thus  promot- 
ing the  tendency  to  slide. 

Table  No.  10  gives  the  results  of  the  calculations  in  the  analysis  of 
this  structure. 
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BROOKVILLE  WATER  COMPANY  DAM. 

A  dam  was  built  by  the  Brookville  Water  Company  on  North  Fork 
Creek,  a  tributary  of  Red  Bank  Creek,  in  connection  with  an  exten- 
sion of  the  water  supply  system.  Construction  was  begun  during 
December,  1910,  and  carried  on  through  1911,  untU  January,  1912, 
w^hen  it  was  completed.  On  January  1st,  1912,  the  water  works  were 
purchased  by  the  Borough  of  Brookville.  The  dam  is  within  the 
borough  limits,  at  a  point  about  one-half  mile  above  the  mouth 
of  the  stream  in  Red  Bank  Creek,  the  total  drainage  area  of  North 
Fork  Creek  being  97  square  miles.  The  topography  of  this  watershed 
is  rugged,  and  the  percentage  of  runoff  is  said  to  be  high  and  the 
velocity  rapid.  Below  the  dam  the  stream  has  a  rather  wide  channel 
to  its  mouth.  The  capacity  of  the  reservoir  is  said  to  be  16,500,000 
gallons.  The  dam  was  severely  damaged  during  a  heavy  rain  which 
occurred  over  the  watershed  on  July  17th,  1912. 

It  is  an  earthen  structure  with  a  concrete  spillway,  its  total  length 
on  the  crest  being  360  feet,  and  its  maximum  height  above  the  ground 
surface  16  feet.  The  length  of  the  earthen  portion  is  260  feet  and 
of  the  spillway  section  100  feet,  the  crest  of  the  spillway  being  8 
feet  below  that  of  the  earth  work.  The  earthen  portion  has  a  top 
width  of  8  feet,  and  the  up  and  downstream  slopes  are  1  on  2,  the 
former  slope  being  paved  with  from  12  to  18  inches  of  hand-laid 
stone  riprapping,  and  the  downstream  slope  seeded.  A  concrete  core 
wall  extends  throughout  the  length  of  the  embankment,  its  crest 
being  12  feet  below  that  of  the  earth  work.  This  core  wall  has  a 
top  width  of  9  inches  and  the  sides  are  battered  J  in.  in  one  foot; 
it  was  also  reinforced  on  the  up  and  downstream  faces  with  steel 
bars  spaced  four  feet  center  to  center. 

The  spillway  section  has  a  length  of  102  feet  between  abutments, 
the  elevation  of  the  crest  being  82  feet  and  that  of  the  top  of  the 
embankment  90  feet,  while  the  natural  ground  surface  is  approxi- 
mately 9  feet  below  the  crest.  This  masonry  portion  of  the  dam  has 
an  ogee  section  with  vertical  upstream  face,  the  curve  below  the 
crest  having  a  radius  of  two  feet,  while  that  at  the  toe  is  of  six  feet 
radius.  The  excavation  for  the  foundation  for  the  spillway  portion 
was  carried  between  four  and  seven  feet  below  the  natural  ground 
surface  to  a  stratum  of  fine  clay,  of  a  yellowish  color,  containing  a 
small  percentage  of  gravel.  The  spillway  has  a  top  width  of  three 
feet  and  a  width  at  the  natural  ground  surface  of  7^  feet.  The 
foundation,  however,  was  carried  some  distance  downstream  below 
the  natural  ground  surface,  so  that  the  total  width  at  the  base  is  17 
feet.  The  base  of  the  dam  is  keyed  into  the  foundation  in  three 
places,  at  the  up  and  downstream  toes,  and  in  the  center,  these 
keys  being  two  feet  wide  and  one  foot  deep.  It  is  reported  that  it 
was  the  purpose  of  the  builders  to  construct  the  dam  on  rock  founda- 
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lion,  which  it  was  believed  w^oiild  be  found  at  a  depth  of  four  feet     '  b 
below  the  surface,  but  the  foundation  was  prepared  for  a  distance        i 
of  about  six  feet,  and  no  rock  was  encountered  at  this  depth.      It        h 
was  proposed  originally  to  make  a  rock  fill  below  the  toe  of  the         ] 
foundation  for  a  distance  of  12  feet,  but  this  fill  was  not  placed.     A 
trench  formed  in  excavating  the  foundation  for  the  spillway  sec- 
tion of  the  dam  was  made  wider  than  necessary  and  was  refilled  with 
loose  material  from  the  excavation.    A  72"  blow-off  pipe  was  carried 
rhiough  the  dam. 

It  is  estimated  that  the  spillway,  below  the  crest  of  the  embank- 
ment at  elevation  90,  has  a  carrying  capacity  of  8,550  cubic  feet 
per  second,  and  that  the  capacity  of  the  72"  pipe  is  650  cubic  feet  per 
second,  making  a  total  flood  discharge  capacity  of  9,200  cubic  feet 
per  second.  This  would  allow  of  a  runoff  from  the  97  square  miles 
of  tributary  drainage  area  at  the  rate  of  about  95  second  feet  per 
square  mile. 

After  the  dam  was  completed  and  water  allowed  to  store  behind  it, 
a  vertical  crack  was  reported  in  the  spillway  section,  about  i  of  the 
distance  from  the  east  abutment.  The  contractors  who  constructed 
the  spillway  section  stated  that  this  crack  occurs  33  feet  from  the 
face  of  the  east  wing-wall,  at  the  junction  of  two  construction  sec- 
lions.  The  entire  dam  appeared  to  have  been  well  constructed,  es- 
pecially the  concrete  portions  in  the  spillway  section  and  core-wall. 

On  the  afternoon  of  July  17th,  1912,  a  severe  rain  occurred  in  Brook- 
ville  and  over  the  watershed  of  North  Fork  Creek,  reaching  a  maxi- 
mum intensity  between  8  and  10  o'clock  in  the  evening.  The  local 
weather  observer  at  Brookville  reports  that  2.48"  of  rain  fell  during 
the  storm,  and  that,  with  the  exception  of  the  two  hour  period  be- 
tween 8  and  10  P.  M.,  the  intensity  of  the  storm  was  moderate. 
Prom  reports  received  from  residents  on  the  watershed  above  the 
Borough  of  Brookville  it  would  appear  that  the  intensity  and  dura- 
tion of  the  rain  was  greater  there  than  in  the  borough,  although  no 
records  were  made.  The  creek  began  to  rise  in  Brookville  at  about 
6  P.  M.,  and  attained  its  maximum  height  about  midnight.  The 
water  rose  rapidly  in  the  spillway  of  the  dam,  which  proved  insuffi- 
cient to  pass  it,  and  the  water  overflowed  the  earth  embankment  at 
each  side  of  the  spillway  to  a  depth  of  approximately  18  inches. 

Most  of  the  earthen  embankment  on  the  downstream  side  of  the 
concrete  core  wall  was  washed  away,  and  the  top  of  the  earthwork 
on  the  upstream  side  of  the  core-wall  was  largely  washed  out  and  the 
stone  riprapping  damaged.  Below  the  spillway  section  the  water  cut 
into  the  west  bank  of  the  stream  to  a  distance  of  about  30  feet,  so  that 
the  bank  extended  along  and  nearly  to  the  toe  of  the  earthen  dam  for 
a  considerable  distance.  The  core-wall  was  apparently  well  con- 
structed, as  \t  was  not  damaged  in  any  way,  and  probably  prevented 
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a  breach  being  washed  through  the  earthen  portion  of  the  dam.  The 
spillway  was  uninjured,  although  a  deep  hole  was  washed  in  the 
creek  bed  just  below  the  downstream  toe  thereof. 

No  gagings  are  available  to  show  the  actual  runoff  from  North 
Fork  Creek  during  this  flood,  although  a  rough  approximation  can 
be  made,  considering  the  dam  as  a  weir,  the  maximum  depth  of 
water  flowing  over  the  same  being  18"  over  the  embankment  and  9'  6" 
over  the  spillway.  Under  these  assumptions  it  is  estimated  that 
the  maximum  discharge  was  at  the  rate  of  12,000  cubic  feet  per 
second,  which,  with  a  watershed  of  about  97  square  miles,  would 
represent  a  runoff  at  the  rate  of  approximately  124  cubic  feet  per 
second  per  square  mile. 

CLOVER  RUN  DAM. 

A  timber  crib  dam  was  construced  on  Clover  Run  in  1896  by  the 
Punxsutawney  Water  Company,  which  company  later  came  under 
the  control  of  the  Lindsey  Water  Company.  The  dam  is  3^  miles 
above  the  mouth  of  Clover  Run,  a  tributary  of  the  east  branch  of 
Mahoning  Creek,  about  seven  miles  east  of  the  borough  of  Punxsu- 
tawney, and  3J  miles  above  the  borough  of  Big  Run.  The  drainage 
area  above  the  dam  consists  of  seven  square  miles  of  hilly,  cultivated 
land,  while  below  the  dam,  to  the  town  of  Big  Run,  the  creek  has  a 
rapid  fall  through  an  uninhabitated  valley.  The  capacity  of  the 
reservoir  is  approximately  65,000,000  gallons.  The  structure  was 
overtopped  and  part  of  it  washed  out,  after  a  heavy  rain,  in  October, 
1911. 

The  dam  was  built  of  hemlock  timber,  the  cribbing  being  filled 
with  earth  and  stone.    The  crest  length  is  540  feet,  and  its  height, 
above  the  elevation  of  the  natural  ground  surface  at  the  bed  of  the 
creek,  is  about  26  feet.    The  upstream  side  of  the  cribbing  was  faced 
with  2^"  oak  plank  sheeting,  against  which  an  earthen  embankment 
was  placed  on  a  slope  of  1  on  2.    The  cribbing  at  each  end  of  the 
dam  is  about  17  feet  wide  on  top,  the  downstream  side  being  perpen- 
dicular, and  stepped  out  toward  the  center  of  the  structure,  so  that 
its  width  on  top  for  a  length  of  280  feet  in  the  center  was  40  feet. 
The  top  of  the  cribbing  is  about  5  feet  below  the  top  of  the  dam,  the 
upper  5  feet  consisting  of  earth  fill.    The  width  of  the  earthen  crest 
was  made  40  feet,  and  the  clay  filling  continued  over  the  downstream 
side  of  the  cribbing  at  a  slope  of  1  on  IJ.    Over  all  except  225  feet 
of  the  central  part  of  the  dam  the  cribbing  was  placed  upon  the 
natural  ground  surface,  while  in  this  central  part  a  concrete  founda- 
tion was  constructed,  four  feet  in  depth  and  extending  25  feet  down- 
stream from  the  upstream  toe  of  the  cribbing.    On  this  concrete 
foandation  two  layers  of  2^"  pine  plank  were  secured,  and  the  timber 
cribbing  spiked  to  the  plank.    A  spillway  was  provided  in  the  center 
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of  the  dam,  30  feet  long  and  2^  feet  deep,  the  sides  and  bottom  of  this 
spillway  being  planked,  and  the  water  carried  on  a  planked  slope 
over  the  downstream  face  of  the  cribbing.  A  12"  supply  and  20" 
blow-off  pipe  were  carried  through  the  bottom  of  the  dam,  with  gates 
at  their  upstream  ends. 

On  October  1st,  1911,  after  a  heavy  rain,  the  spillway  was  overtaxed 
and  water  overflowed  the  embankment,  so  that  a  portion  of  the  earth- 
work and  cribbing  in  the  central  part  of  the  structure  was  washed 
out.  The  section  destroyed  was  about  240  feet  long  and  extended  to 
a  depth  of  about  13  feet  below  tlie  original  crest  of  the  earthwork. 
So  far  as  can  be  learned,  no  damage  was  done  in  tlie  valley  below  as 
a  result  of  this  failure.  It  is  believed,  from  tlie  appearance  of  the 
break,  and  from  such  descriptions  of  the  failure  as  could  be  secured, 
that  the  dam  failed  because  of  overtopping,  due  to  insufficient  spill- 
way. The  spillway,  30  feet  long  and  2^  feet  deep,  had  a  discharge 
capacity  estimated  at  about  350  second  feet,  and  provided  for  a  nin- 
off  at  the  rate  of  50  second  feet  per  stpiare  mile. 

PORT  PITT  DAM. 

During  the  day  on  which  the  Oakford  Park  Dam  failed,  another 
small  structure  in  the  same  vicinity  was  wrecked,  causing,  it  is  re- 
ported, the  loss  of  two  lives.  This  dam  was  on  Bull  Run,  at  a  point 
about  i  mile  north  of  Jeannette,  Westmoreland  County,  the  tribu- 
tary drainage  area  being  2J  square  miles.  It  was  used  to  impound 
water  for  a  glass-works  and  was  about  170  feet  long  on  the  crest  and 
10  feet  high,  constructed  of  puddle,  faced  with  compacted  cinders 
from  the  neighboring  glass-works.  The  spillway  in  the  embankment 
was  45  feet  wide  and  3  feet  deep,  and  had  a  capacity  of  700  second 
feet,  providing  for  a  run-off  at  the  rate  of  310  second  feet  per  square 
mile  of  tributary  drainage  area. 

During  the  heavy  rainstorm  of  July  5th,  1903,  the  run-off.  exceeded 
the  capacity  of  this  spillway  and  the  embankment  was  overtopped 
a  few  inches.  A  breach  was  washed  through  the  structure,  about  90 
feet  long  and  to  the  full  depth  of  the  embankment.  Bull  Run,  below 
the  dam,  flows  through  the  borough  of  eleannette,  and  the  failure  is 
reported  to  have  cost  the  loss  of  two  lives  and  considerable  property. 
A  previous  failure  of  this  dam  occurred  in  1896. 

GREEN  LICK  RUN  DAM. 

An  earthen  dam,  built  on  Green  Lick  Run,  by  the  Citizens  Water 
Company  of  Scottdale,  failed  three  years  subsequent  to  its  com- 
pletion in  1901,  from  percolation  through  the  foundation  or  lower 
strata  of  embankment.  The  structure  was  built  across  Green  Lick 
Run,  2J  miles  above  its  mouth,  in  Jacobs  Creek,  and  5^  miles  above 
the  borough  of  Scottdale.  The  tributary  drainage  area  consists  of 
approximately  IJ  square  miles  of  mountainous  country. 
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The  dam  had  a  length  on  the  crest  of  850  feet  and  a  maximum 
height  above  the  original  ground  surface  of  about  60  feet.  The  width 
of  the  crest  of  the  embankment  was  6  feet,  the  upstream  slope  1  on  2, 
and  the  downstream  slope  1  on  1.7.  The  spillway  was  at  the  north- 
em  end;  the  area  of  the  water  surface  was  25.4  acres,  and  the  ca- 
pacity of  the  reservoir  166,500,000  gallons. 

The  overburden  in  the  valley  of  Green  Lick  Run  at  the  dam  site 
consists  of  drift  material,  comprised  of  sand,  gravel,  boulders,  and 
clay.  Starting  at  the  northern  end  of  the  dam,  for  a  length  of  about 
100  feet  this  overburden  is  yellow  clay,  to  an  average  depth  of  about 
10  feet.  South  of  this  for  a  length  of  250  feet,  in  the  low  part  of  the 
valley,  is  a  deposit  of  gravel  and  boulders,  of  depth  varying  between 
3  and  12  feet.  For  the  remaining  distance  to  the  south,  the  yellow 
clay  reappears,  containing  deposits  of  sand,  gravel,  and  boulders, 
varying  in  depth  between  7  and  25  feet.  Beneath  these  deposits  the 
geological  structure  of  the  valley  is  ds  follows: — 

The  northern  hillside  consists  of  successive  outcroppings  of  blue 
shale,  sandstone,  shale,  coal,  slatey  shale,  coal,  shale  and  limestone. 
The  limestone  occurs  at  the  foot  of  the  northern  hillside,  and  it  is 
seamy  and  porous.  The  direction  of  the  center  line  of  the  dam  is 
north  24  degrees  west;  and  the  strike  of  the  limestone  rock  makes 
an  angle  of  77°  10'  with  it.  The  dip  of  the  rock  is  north  36°  50'  west, 
making  an  angle  with  the  horizontal  of  27°  10'.  South  of  the  lime- 
htone  strata,  the  underlying  material  of  the  valley  consists  of  blue 
shale  or  fire  clay. 

In  preparing  the  site  for  the  embankment  only  the  surface  ma- 
terial was  stripped.  A  trench  was,  however,  carried  across  the 
valley,  along  the  center  line  of  the  dam,  to  a  varying  depth,  but 
which  did  not  extend,  so  far  as  could  be  learned,  into  the  limestone, 
shale  and  sandstone  rock  at  the  northern  end,  or  into  the  blue  shale 
throughout  the  remaining  width  of  the  valley.  The  trench  was  back- 
filled with  puddle,  but  did  not  serve  the  purpose  of  a  cut-off,  as  shown 
by  the  excessive  leakage  which  appeared  below  the  dam. 

The  embankment  is  reported  to  have  been  built  of  a  gravelly  clay, 
suitable  for  the  purpose,  placed  in  6-in.  layers  and  rolled,  the  up 
and  downstream  faces  being  covered  with  18  inches  of  stone  rip- 
rapping.  A  considerable  portion  was  built  during  the  winter 
months,  and  was  placed  in  a  frozen  condition,  so  that  there  was 
noticeable  settlement  in  the  spring,  and  excessive  leakage  through 
the  earthwork.  *An  attempt  was  made  to  stop  this  leakage  by  con- 
structing a  puddle  cut-off  throughout  the  length  and  along  the 
center  line  of  the  embankment,  which  cut-off  is  reported  to  have  been 
carried  to  a  depth  of  between  25  and  30  feet  below  the  crest.  It 
did  not,  however,  entirely  cut  off  the  seepage  through  the  embank- 
ment 
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The  spillway,  which  was  constructed  by  excavation  into  blue  shale, 
was  36  feet  long,  and  4  feet  deep  below  the  crest  of  the  embankment. 
Its  capacity  was  approximately  950  second  feet,  which  would  pro- 
vide for  a  run-off  at  the  rate  of  about  700  second  feet  per  square 
mile,  and  it  was  therefore  of  ample  dimensions.  Three  pipe  lines 
were  carried  through  the  embankment,  one  a  24"  blow-off,  and  two 
supply  lines,  16  and  20  inches  in  diameter.  The  valves  were  below 
the  downstream  side  of  the  embankment. 

After  the  dam  was  completed  and  the  reservoir  filled  leakage  oc- 
curred through  and  underneath  the  embankment,  much  of  it  appear- 
ing at  a  point  about  150  feet  below  the  downstream  toe.  A  small 
Gatch-basin  was  then  constructed  about  300  feet  below  the  embank- 
ment, in  which  this  escaping  water  was  collected,  and  a  pump  was  in- 
stalled to  force  it  back  into  the  reservoir. 

A  leak  was  discovered  in  the  embankment  at  the  northern  end  of 
the  dam  in  the  morning  of  July  17th,  1904,  and  the  people  in  the  valley 
below  were  warned  of  its  unsafe  condition.  At  about  10  P.  M.  of  the  ^ 
same  day  a  breach  was  washed  through  the  dam,  about  150  feet  wide 
on  top  and  extending  to  the  foundation,  exposing*  the  limestone  and 
shale  rock  of  the  hillside.  The  failure  is  reported  to  have  been  very 
sudden,  and  was  caused,  it  is  believed,  partly  by  the  saturated  con- 
dition of  the  embankment  and  partly  by  seepage  which  occurred 
through  the  fissured  limestone  and  gravel  underneath  the  puddle  cut- 
off wall.  This  leakage  kept  increasing  in  amount  and  velocity  so 
as  to  lubricate  the  rock  and  undermine  the  embankment,  finally  al- 
lowing a  prism  of  the  earth-work  to  be  forced  out. 

Below  the  dam  the  valley  of  Green  Lick  Run  is  about  one-eighth 
of  a  mile  wide,  and  the  water  is  reported  to  have  risen  to  a  height 
of  between  6  and  8  feet.  There  were. few  houses  in  the  valley  below 
the  dam,  and  these  were  either  destroyed  or  badly  damaged,  but  the 
timely  warning  prevented  loss  of  life.  Several  bridges  which  crossed 
the  creek  below  the  dam  were  destroyed.  After  the  failure  the  dam 
was  repaired,  and  some. years  later  the  company  changed  owner- 
ship, and  more  extensive  alterations  were  undertaken.  This  repair 
work,  in  a  general  way,  consisted  of  facing  the  upstream  slope  with 
selected  impervious  material,  and  facing  the  same  with  12  inches  of 
masonry.  Along  the  upstream  toe  a  trench  was  carried  across  the 
valley  to  varying  depths,  into  the  shale  and  limestone  rock,  and  back- 
filled with  4  feet  of  puddle  and  2  feet  of  masonry.  The  dam  has 
since  satisfactorily  served  its  purpose. 

HOSFBLD  DAM. 

A  long,  low  concrete  dam  was  constructed  in  1908-11,  across 
Oonodoguinet  Creek,  near  Shippensburg,  for  the  purpose  of  secur- 
ing head  and  pondage  to  operate  a  small  hydro-electric  plant  to  fur- 
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nish  power  to  the  Shippensburg  Gas  and  Electric  Company.  Con- 
struction on  this  dam  was  started  in  the  summer  of  1908,  and  was 
completed  in  September,  1911.  The  dam  was  designed  by  a  man 
who  was  not  an  engineer,  and  was  constructed  under  his  direction 
by  day  labor.  The  dam  failed  in  part  several  times  subsequent  to 
its  completion  in  1911,  the  latest  and  most  disastrous  failure  oc- 
curring on  January  17th,  1912. 

It  was  built  across  Conodoguinet  Creek,  about  three  miles  below 
its  gap  through  North  Mountain,  the  tributary  drainage  area  being 
36  square  miles.  The  east  bank  of  the  creek  at  this  point  is  quite 
precipitous,  consisting  of  slate  rock  and  is  about  50  feet  high.  From 
this  bank  the  dam  crosses  the  stream  at  right  angles  for  a  length 
of  two  hundred  feet,  and  thence  turns  toward  the  south  across  low 
flat  land,  to  meet  the  creek  again  at  the  power-house,  the  total 
length  of  the  wall  being  about  3,070  feet.  It  was  constructed  of  1-2-4 
concrete,  in  which  large  stones  weie  imbedded,  the  mass,  however, 
forming  a  rather  poor  quality  of  masonry. 

The  first  200  foot  section  was  designed  to  act  as  a  spillway,  its 
height  above  the  natural  ground  surface  being  a  little  over  10  feet, 
and  above  the  foundation  13  feet.  This  section  is  three  feet  wide  on 
top,  and  five  feel  wide  on  the  base,  and  is  made  homogeneous  with  a 
concrete  base  12  feet  wide  on  top  and  3  feet  deep,  for  10  feet  of  its 
length,  and  4.5  feet  deep  for  the  lower  2  feet,  the  top  of  the  lower 
7  foot  section  acting  as  an  apron.  The  foundation  for  the  dam,  from 
the  cliff  across  the  creek  bed,  is  said  to  be  rock,  and  for  the  re- 
mainder of  its  length  gravel  and  clay. 

The  second  section,  which  is  8"  higher  than  the  first,  and  820  feet 
long,  acts  as  an  auxiliary  spillway;  its  width  on  top  being  2  feet, 
and  on  the  base  3.5  feet,  with  the  same  type  of  concrete  foundation, 
and  a  5  foot  apron  at  the  toe;  the  total  height  of  this  section  above 
the  foundation  being  12^  feet.  The  top  of  the  remaining  portion  is 
S"  above  that  of  the  previously  described  section,  and  of  the  same 
general  dimensions,  although  the  total  height  gradually  diminishes, 
owing  to  the  ascending  ground.  An  earth  fill  was  placed  against 
the  upstream  side  and  a  number  of  buttresses  against  the  down- 
stream portion  of  this  wall.  A  buttress  was  also  constructed  against 
the  downstream  face  of  the  wall  across  the  creek  channel,  about  20 
feet  from  the  slate  cliff.  Through  the  bottom  of  this  portion  of  the 
wall  a  36"  outlet  pipe  was  carried,  with  a  gate  at  the  upstream  side 
thereof.  The  reservoir  submerges  an  area  of  40  or  50  acres,  and 
afforded  sufficient  pondage  for  the  daily  fluctuations  in  head,  due  to 
the  operation  of  the  plant. 

The  first  failure  occurred  shortly  after  it  was  built,  at  a  point 
about  2,400  feet  beyond  its  east  end,  the  primary  cause  being  the 
percolation  of  water  between  the  dam  and  its  foundation.    A  short 


64 

portion  of  the  wall  had  been  constructed  over  an  old  timber  flume, 
which,  when  the  water  raised  behind  the  dam,  was  washed  out,  caus- 
ing the  wall  to  collapse.  This  section  was  immediately  rebuilt  on  a 
gravel  foundation,  and  the  reservoir  again  allowed  to  fill. 

The  second  failure  occurred  during  the  night  of  January  17th,  af- 
ter the  power  plant  had  been  shut  down,  there  being  no  witnesses 
to  this  failure.  Ice  had  formed  over  the  reservoir  to  a  thickness 
of  about  14  inches,  the  top  of  the  ice  being  about  2  feet  below  the 
crest  of  the  auxiliary  spillway  section.  In  the  operation  of  the 
plant,  the  water  had  been  drawn  down  about  three  feet,  two  feet 
more  than  was  customary,  and  the  ice  broke  and  settled  several  feet 
away  from  the  face  of  the  wall,  leaving  a  fan  shaped  piece  adheiiug 
to  the  wall,  which  had  frozen  against  the  masonry  to  a  thickness  of 
between  2  and  3  feet.  When  the  water  rose  during  the  night  the 
ice  was  forced  up,  and  probably  exerted  a  constantly  increasing  pres- 
sure or  leverage  against  the  wall,  causing  a  section  330  feet  long,  and 
about  200  feet  distant  from  the  end  of  the  first  spillway  section,  to 
overturn. 

The  wall  broke  into  nine  large  and  a  number  of  smaller  pieces, 
the  largest  being  about  70  feet  long.  From  the  position  of  these 
pieces,  as  is  indicated  on  the  plan,  it  would  appear  that  the  center 
of  this  section  was  the  first  to  collapse.  Pieces  A,  B,  C,  1),  G, 
H  and  I,  and  the  smaller  fragments  beyond  them,  appeared  to  have 
8imi>ly  fallen  over  on  their  downstream  faces,  and  were  lying  about 
30  feet  below  their  original  position.  Piece  D'  lay  on  its  downstream 
face,  about  180  feet  below  the  dam,  and  is  the  upper  portion  of  the 
fragment  D  which  overturned  on  the  foundation,  and  lies  only  a 
few  feet  below  its  original  position.  The  piece  D'  was  about  35  feet 
long  and  about  5  feet  in  depth,  its  base  and  the  top  of  D  being  com- 
paratively smooth,  indicating  a  construction  joint.  The  piece  E 
lay  about  100  feet,  and  the  piece  F  40  feet,  below  the  original  posi- 
tion of  this  section  of  the  dam. 

An  examination  of  the  fragments  indicated  that  the  structure  ap- 
parently failed  by  overturning  on  the  gravel  foundation,  piece  D' 
also  overturning  along  a  construction  joint.  A  portion  of  the  con- 
crete base  below  the  concrete  face  remained  in  place,  the  concrete 
breaking  off  along  the  line  G-I,  represented  on  the  sketch  of  the 
cross-section.  It  was  stated  that  the  portion  of  the  wall  between 
the  end  of  the  eastern  200  foot  section  of  the  spillway,  and  the  por- 
tion which  failed,  showed  a  crack  at  the  angle  between  the  down- 
stream face  and  the  apron  of  the  foundation,  apparently  indicating 
that  this  section  also  started  to  overturn,  and  fell  back  in  place 
again  when  the  pressure  of  the  water  and  ice  was  relieved. 

In  the  accompanying  drawing  a  typical  section  is  given  of  that 
portion  of  the  dam  which  failed,  and  plotted  on  it  are  limiting  lines 
of  pressure  for  reservoir  empty  and  reservoir  full,  assuming  the  full 
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hydrostatic  head  to  be  effective  to  the  base  and  the  weight  of  the 
masonry  at  140  lbs.  per  cubic  foot.  The  position  of  the  lines  of 
pressure  under  these  assumed  conditions  are  shown  only  for  the  pur- 
pose of  indicating  that  the  design  and  construction  was  faulty,  and 
not  for  the  purpose  of  portraying  actual  conditions  at  the  time  of 
failure.  Needless  to  say,  the  determination  of  the  stresses  would 
depend  upon  a  number  of  conditions  which  can  only  be  approxi- 
mated, the  earth  and  gravel  fill  tending  to  reduce  the  pressure 
against  the  lower  section  of  the  wall,  and  the  nature  of  the  founda- 
tion leading  one  to  expect  that  tliere  was  upward  pressure  on  the 
base.  The  ice  pressure,  with  a  lever  arm  of  about  three  feet,  was  un- 
doubtedly great,  and  it  is  believed  that  the  dam  must  have  failed 
before  the  pressure  could  have  reached  its  possible  maximum. 

KAUFFMAN  RUN  DAM. 

The  Kauffman  Run  Dam,  which  was  built  in  1886  by  the  Potts- 
ville  Water  Company,  is  on  Kauffman  Run,  a  tributary  of  the  Schuyl- 
kill River,  in  Schuylkill  County,  Pa.,  about  six  miles  north  of  Potts- 
ville.  The  stream  drains  0.9  of  a  square  mile  of  barren  mountain 
land,  and  below  the  dam  it  has  a  rapid  fall  and  is  confined  between 
steep  hills.  The  stream  is  followed  by  the  Pennsylvania  and  the 
Philadelphia  and  Reading  Railroads,  and  the  first  settlement  below 
the  structure  is  the  small  borough  of  St.  Clair. 

The  Kauffman  Run  reservoir  has  a  capacity  of  120,000,000  gallons ; 
it  is  located  about  one  mile  below  the  source  of  the  stream,  and  the 
drainage  area  tributary  to  the  dam  is  0.78  square  miles.  This  dam 
partially  failed  in  1892,  necessitating  its  re-construction. 

The  original  structure  was  an  earthen  dam,  55  feet  high,  and  800 
feet  long  on  the  crest.  Its  top  width  was  20  feet;  the  upstream  slope 
1  on  2,  and  the  downstream  slope  1  on  1^,  both  slopes  being  rip- 
rapped.  The  embankment  consisted  of  sandy  clay,  and  contained 
a  small  percentage  of  red  shale.  There  was  a  puddle  core  through 
the  center  of  the  embankment,  10  feet  thick,  founded  on  red  shale. 
Two  12"  pipes  were  carried  through  the  embankment,  one  for  supply 
and  the  other  as  a  blow-off.  It  is  reported  that  neither  of  these 
pipes  was  provided  with  collars  or  cut-offs.  The  spillway  was  50 
feet  long  and  5  feet  deep. 

Leakage  appeared  in  the  downstream  face  of  the  embankment, 
about  half  way  up  the  slope,  and  25  feet  above  the  outlet  pipe.  It 
was  observed  in  the  morning,  and  the  flow  increased  in  quantity 
until  noon  of  the  following  day.  When  the  leakage  was  discovered 
the  valve  in  the  outlet  pipe  was  opened,  and  the  water  lowered  in 
the  reservoir,  so  that  the  leakage  stopped.  It  was  not  however  of 
sufficient  amount  or  duration  to  cause  a  breach  through  the  embank- 
ment, and  the  prompt  action  of  the  company  in  drawing  off  the  water 
in  the  reservoir  probably  saved  the  dam  from  complete  destruction. 
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The  officers  of  the  Pottsville  Water  Company,  upon  the  advice  of 
engineers  decided  that  it  would  be  unwise  to  attempt  to  use  the 
dam,  OP  to  endeavor  to  repair  the  structure  by  cutting  off  the  leak- 
age. It  was,  therefore,  decided  that  it  should  be  entirely  rebuilt, 
which  work  was  started  in  1896.  The  new  dam  was  built  just  below 
the  old  one,  and  part  of  the  embankment  was  formed  of  selected 
material  secured  from  the  old  structure.  The  new  dam  contained  a 
concrete  core- wall,  9  feet  wide  at  the  bottom  and  3  feet  wide  on  top, 
which  was  founded  on  shale  rock.  The  width  on  top  was  made  20 
feet,  and  the  slopes  of  the  embankment  were  H  to  1  on  the  down- 
stream side,  and  2  to  1  on  the  upstream  sida  The  spillway  was 
made  of  the  same  dimensions  as  that  of  the  old  one,  namely,  50  feet 
long  and  5  feet  deep;  the  capacity  of  which  was  ample,  being  about 
1,700  second  feet. 

KETNER  DAM. 

A  dam  belonging  to  the  Buffalo,  Rochester  &  Pittsburgh  Railway 
Company,  on  Johnson  Run,  near  Johnsonburg,  failed  when  about 
50  per  cent,  completed,  on  August  28th,  1911,  about  one  month  befoie 
the  failure  of  the  Austin  Dam.  Immediately  after  the  failure,  the 
dam  was  re-built,  with  however  some  slight  modifications  in  the  de- 
sign and  was  put  in  service  in  July  1912. 

The  estimated  capacity  of  the  reservoir  formed  by  this  structure  is 
92  million  gallons.  It  was  being  built  for  the  purpose  of  impounding 
water  for  the  railway  company,  at  Johnsonburg,  about  5  miles  below 
the  site  of  the  dam,  on  the  Clarion  River.  Johnson  Run  is  a  tribu- 
tary of  the  Clarion  River,  joining  that  stream  about  4  mileq  above 
Johnsonburg.  Its  drainage  area  is  11  square  miles,  whUe  that  tribu- 
tary to  the  dam  is  approximately  8  square  miles,  consisting  of  un- 
inhabited, deforested  mountain  land.  Between  the  ^ite  of  the  dam 
and  the  borough  of  Johnsonburg  the  valleys  of  Johnson  Run  and  the 
Clarion  River  are  wide  and  practically  uninhabited. 

The  dam  is  an  earth  structure,  with  a  concrete  core- wall  and  spill- 
ways at  each  end,  the  length  on  the  crest,  exclusive  of  the  spillways, 
being  597  feet,  and  the  width  on  the  crest  16  feet.  The  maximum 
height  above  the  natural  ground  surface  is  45  feet,  and  the  width  on 
the  base,  in  the  maximum  section,  218  feet.  The  upstream  slope  is 
1  on  2^,  and  the  downstream  slope  1  on  2.  The  elevation  of  the 
crest  is  1,560  feet,  of  the  east  spillway  1,556.5  feet,  and  of  the  west 
spillway  1555  feet. 

In  preparing  the  foundation  for  the  earth  fill  the  site  was  care- 
fully stripped  to  the  depth  penetrated  by  roots.  The  excavation  for 
the  core-wall  was  carried  to  varying  depths  below  the  original 
ground  surface,  a  portion  of  the  prepared  foundation  consisting  of 
rock,  and  the  remainder  of  hardpan.    The  rock  foundation  was  en- 
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countered  on  the  east  and  west  sides  of  the  valley,  and  extended  for  a 
length  of  220  feet  from  the  east  spillway,  and  134.5  feet  from  the 
west  spillway.  The  remainder  of  the  foundation  consisted  of  hard 
shale;  the  total  length  of  said  foundation  being  242.5  feet.  In  this 
hardpan  foundation  a  pit  was  dug  to  a  depth  of  6  or  7  feet,  and  an 
iron  bar  driven  8  feet  further,  without  encountering  rock.  The 
core-wall  was  carried  into  the  rock  for  a  distance  of  9  feet  at  the  east 
end  and  8  feet  at  the  west  end.  The  depth  of  the  excavation  for  the 
rock  foundation  at  the  west  end  of  the  dam  varied  between  7  and  15 
feet,  and  at  the  east  end  between  12  and  20  feet.  The  depth  of  the 
excavation  to  the  hardpan  foundation  varied  between  10  feet  and  25 
feet. 

The  upstream  side  of  the  embankment  was  constructed  of  a  shale, 
and  day  fill,  wetted  and  rolled  in  from  6  to  12  inch  layers,  by  means 
of  a  4-ton  road  roller.  The  selected  clay  fill  was  placed  against  the 
upstream  side  of  the  core-wall,  having  a  thickness  of  2  feet  at  the 
crest  and  of  12  feet  on  the  base.  The  downstream  i)ortion  of  the 
embankment  was  made  of  shale  and  clay,  containing,  however,  a 
greater  proportion  of  shale  rock.  This  portion  of  the  embankment 
was  wetted,  but  not  rolled.  The  upstream  slope  of  the  embankment 
was  protected  by  means  of  stone  paving,  one  foot  in  thickness. 
Along  the  upstream  face  of  the  embankment,  at  a  point  5  feet  in 
vertical  distance  below  the  crest  thereof,  a  timber  breakwater  was 
carried  throughout  the  length  of  the  dam,  which  extended  to  the 
height  of  the  crest  of  the  embankment  The  plans  did  not  provide 
for  paving  the  downstream  slope,  except  for  a  distance  of  S4  feet 
above  the  toe.  . 

The  core-wall  was  constructed  of  1-3-6  concrete,  with  i"  twisted 
steel  bars,  placed  6  feet,  center  to  center,  near  the  upstream  and 
downstream  faces.  It  was  1.5  feet  wide  on  top,  while  at  the  natural 
ground  surface,  and  to  a  point  within  4  feet  of  the  faundation,  it 
was  10  feet  wide,  at  which  point  the  footing  was  spread  to  14  feet 
The  plans  indicated  the  possible  necessity  for  the  use  of  sheet  piling, 
although  the  foundation  was  found  to  be  such  as  to  make  its  use 
unnecessary.  At  the  upstream  toe  of  the  embankment  a  concrete 
cut-off  wall  was  carried  to  a  depth  of  three  feet  below  the  prepared 
ground  surface.  This  wall  was  12  inches  thick,  and  was  carried  over 
the  upstream  face  for  a  length  of  4  feet,  to  meet  the  stone  paving. 

The  main  spillway  is  at  the  west  end  of  the  dam ;  its  length  being  71 
feet,  and  the  depth  below  the  crest  of  the  embankment  5  feet.  The 
auxiliary  spillway  is  at  the  east  end  of  the  dam,  35  feet  long  and  3.5 
feet  below  the  crest  of  the  embankment.  These  spillways  have  a 
combined  capacity  of  approximately  3400  second  feet,  with  water 
level  with  the  crest  of  the  dam,  and  provide  for  a  discharge  at  the 
rate  of  425  second  feet  per  square  mile  of  the  tributary  drainage  area. 
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The  wasteways  are  carried  along  the  hillside,  so  as  to  discharge  into 
the  natural  creek  channel,  well  below  the  toe  of  the  downstream 
slope. 

The  concrete  gate-house,  at  tlie  upstream  toe,  is  connected  with 
the  crest  by  a  bridge.  Four  outlets  pierce  the  embankment  in  the 
center  of  the  valley,  two  being  30  inches  and  two  12  inches  in  diame- 
ter; all  of  these  pipes  are  encased  in  concrete. 

The  first  work  done  consisted  in  the  construction  of  the  core- wall 
throughout  its  entire  length,  and  to  its  final  elevation  of  1,560  feet, 
which  is  that  of  the  crest  of  the  embankment.  During  this  time  the 
fill  was  being  placed  against  the  upstream  side  of  this  core-wall,  but 
little  fill  was  deposited  against  the  downstream  side.  At  the  time 
of  the  failure  the  core-wall  was  completed,  and  the  fill  on  the  up- 
stream side  had  been  carried  up  to  an  elevation  15  feet  below  the  top 
of  the  core-wall,  and  little  filling  had  been  done  on  the  lower  side. 

For  two  days  previous  to  the  break  in  the  dam,  on  August  26th 
and  27th,  there  was  precipitation  on  this  watershed;  but  the  two  30" 
outlet  pipes  were  able  to  take  care  of  the  runoff,  without  filling  the 
reservoir  more  than  8  or  9  feet.  On  the  following  day,  August  28th, 
the  rain  was  exceedingly  heavy,  described  locally  as  a  cloud-burst, 
and  by  11  A.  M.  tlie  water  had  risen  behind  tbe  dam  to  a  depth  of 
4  feet  above  the  outlet  pipes.  The  water  remained  at  this  elevation 
until  2  P.  M.,  when  it  again  started  to  rise  slowly.  The  company 
then  put  a  force  of  men  at  work  drilling  holes  through  the  core-wall, 
for  the  purpose  of  allowing  the  water  to  escape.  These  holes,  50 
in  number  were  drilled  5  feet  apart.  By  8  or  9  o'clock  that  night 
the  core-wall  is  reported  to  have  been  between  4  and  5  feet  out  of 
alignment  on  the  crest,  and  drilling  was  stopped.  The  water  was 
then  within  8  feet  of  the  crest  of  the  west  spillway,  and  therefore 
about  2  feet  over  the  crest  of  the  embankment  which  had  been 
placed  up  until  that  time.  Between  10  and  11  P.  M.  the  water  had 
risen  to  within  4  feet  of  the  crest  of  the  spillway,  and  at  11  P.  M. 
the  core-wall  and  embankment  failed.  The  core-wall  was  destroyed 
throughout  almost  its  entire  length,  by  overturning  at  a  point  near 
the  filling  line  on  its  downstream  side.  The  entire  reservoir,  con- 
taining approximately  70  million  gallons,  was  practically  emptied 
at  once,  and  this  water  formed  a  flood  wave,  which  extended  down 
the  Johnson  Run  and  Clarion  Kiver  valleys  to  Johnsonburg. 

The  breach  formed  through  the  dam  was  400  feet  long  at  the  crest 
of  the  core-wall,  and  38  feet  in  height  between  the  crest  of  the  core- 
wall  and  the  part  of  it  which  remained  in  place.  The  core-wall 
remaining  at  the  west  end  was  170  feet  long  on  the  crest,  and  220  feet 
at  the  base;  and  at  the  east  end  16  feet  long  on  the 
crest,  and  53  feet  long  at  the  base.  A  portion  of  the  earth  fill  re- 
mained against  the  upstream  side  of  the  remaining  portion  of  the 
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spillway,  the  depth  of  this  fill  being  approximately  15  feet,  indicat- 
ing that  there  must  have  been  about  this  depth  of  fiir  against  the 
downstream  face  at  the  core-wall  at  the  time  of  the  failure. 

The  valley  of  Johnson  Run  below  the  dam  was  uninhabited  and 
the  only  destruction  caused  therein  by  the  flood  consisted  in  the 
demolition  of  a  township  highway  bridge,  situated  approximately 
1,000  feet  below  the  dam.  Upon  reaching  the  Clarion  Eiver  the 
force  of  the  flood  was  largely  dissipated  in  the  wide  valley,  and  by 
the  time  it  reached  Johnsonburg  it  affected  only  a  rise  of  a  few  feet 
and  caused  no  apparent  damage. 

KITTANNING  POINT  DAM. 

The  Kittanning  Point  Dam,  built  in  1876-7,  w^as  the  first  structure 
built  on  Burgoon  Run  by  the  city  of  Altoona,  its  purpose  being  to 
impound  water  for  a  gravity  supply.  The  reservoir  is  the  upper  one 
in  "Horse  Shoe  Curve,"  and  the  drainage  area  tributary  to  it  is  8.1 
square  miles.  The  area  of  the  water  surface,  at  the  elevation  of  the 
spillway,  is  12.62  acres ;  and  the  storage  capacity  is  about  65,000,000 
gallons. 

The  dam  was  constructed  of  red  shale  and  clay,  without  a  core- 
wall  or  puddled  upstream  face ;  its  length  on  the  crest  being  650  feet, 
and  the  maximum  height  50  feet.  The  top  width  is  18  feet,  and  the 
up  and  downstream  slopes  1  on  2^  and  1  on  2,  respectively.  Loose 
stone  riprapping,  about  two  feet  thick,  was  placed  on  both  slopes 
of  the  embankment,  but  not  on  the  crest.  The  spillway  is  at  the  west 
end  of  the  dam,  34  feet  long  and  5.3  feet  below  the  crest  of  the  em- 
bankment. The  present  flood  channel  around  the  reservoir  was 
constructed  after  the  failure.  A  six  foot  circular  masonry  conduit, 
containing  16  and  12-in.  supply  mains,  passes  through  the  embank- 
ment. A  gate  tower  is  at  the  upstream  toe,  near  the  center  of  the 
dam,  and  a  gate-house  at  the  downstream  end  of  the  conduit. 

The  spillway  opening,  originally  lined  on  bottom  and  sides  with 
timber,  was  destroyed  in  1886  during  a  flood,  and  subsequently  re- 
built. In  1887  work  was  started  upon  a  masonry  spillway  which 
was  completed  in  1888.  The  capacity  of  the  spillway  is  estimated 
at  1,370  cubic  feet  per  second,  and  the  opening  is  sufficient  to  dis- 
charge a  flood  at  the  rate  of  169  second  feet  per  square  mile  of  tribu- 
tary drainage  area. 

On  May  20th,  1894,  the  Kittanning  Point  Dam  was  damaged  during 
a  flood  by  water  flowing  over  the  crest  of  the  embankment.  A  breach 
was  not,  however,  washed  through  the  embankment,  although  it  was 
narrowly  averted  and  probably  would  have  occurred  had  the  flood 
extended  over  a  longer  period.  The  damage  reisulted  from  insuffi- 
cient spillway  capacity;  the  reservoir  was  full  when  the  storm  be- 
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gan  and  for  some  days  previous,  while,  at  the*  time  of  the  flood,  two 
8  inch  and  four  4-inch  pipes,  attached  to  the  16''  and  12'^  supply 
mains,  were  open. 

The  flood  was  caused  by  a  heavy  rainstorm  or  cloud-burst,  and 
data  with  regard  thereto  is  contained  in  a  letter  from  Dr.  Charles  B. 
Dudley,  Chemist  of  the  Pennsylvania  Bailroad  Company,  to  Mr.  Har- 
vey Linton,  City  Engineer  of  Altoona,  published  in  the  Engineering 
News  of  June  28th,  1894,  Mr.  Dudley  wrote: 

"The  storm  began  here  Wednesday  afternoon.  May  16,  and  up 
to  Thursday  noon  the  rainfall  was  0.77  inches.  Between  that 
and  Friday  noon  it  was  0.07  inches.  Between  that  and  Saturday 
noon  it  was  0.60  inches.  From  Saturday  noon  to  6  o'clock  Sat- 
urday evening  1.67  inches  more  rain  fell.  From  6  o'cloc'i  Satur- 
day evening  until  Sunday  noon  1.97  inches  more  rain  fell,  and 
from  Sunday  noon  to  Monday  noon  1.28  inches  more.  From 
Monday  noon  to  Tuesday  noon  0.08  inches,  and  from  Tuesday 
noon  to  Wednesday  noon  0.33  inches,  more  rain  fell.  This 
makes  a  total  of  6.77  inches  in  seven  days.  Our  rain  gauge  is 
patterned  after  the  signal  service  rain  gauge,  and  is,  we  be- 
lieve, thoroughly  reliable." 

The  overflow  at  the  dam  occured  on  Sunday,  and  the  total  rainfall 
at  this  time  amounted  to  between  five  and  six  inches. 

Mr.  S.  A.  Gailey,  Superintendent  of  the  Altoona  Water  Works, 
gave  his  theory  of  the  cause  of  the  overflow  of  the  embankment  to 
be  as  follows,  in  the  Engineering  News,  June  28th  1894 : 

"In  the  'Glen  White  Hollow,'  a  few  miles  above  the  storage 
reservoir,  there  was  at  one  time  a  sawmill.  The  rubbish  from 
this  old  mill  made  'three  or  four  jams'  in  the  stream  below.  These 
obstructions  giving  away  one  after  another,  or  almost  simultan- 
eously, allowed  a  considerable  amount  of  water  to  flow  into  the 
reservoir,  in  addition  to  the  surface  flow.  This  sudden  rise  of 
the  water  caused  the  damage,  and  the  time  during  which  the 
water  overflowed  the  embankment  was,  in  my  opinion,  much  less 
than  half  an  hour,  probably  not  more  than  ten  or  fifteen  min- 
utes." 

In  the  first  account  of  the  accident,  contained  in  the  edition  of 
the  Engineering  News  of  June  7th,  the  correspondent  wrote  that  the 
water  flowed  over  the  embankment  for  about  30  minutes,  according 
to  statements  of  eye-witnesses,  and  that  for  less  than  ten  minutes 
the  depth  of  the  overflow  was  about  one  foot. 

The  overflow  eroded  considerably  the  downstream  portion  of  the 
embankment.  Beginning  at  the  west  end  of  the  dam,  the  first  break 
occurred  at  a  point  26  feet  from  the  spillway,  and  extended  for  a 
length  of  90  feet,  about  8  feet  deep.  The  next  important  erosion 
b^an  64  feet  farther  toward  the  east,  and  was  139  feet  long  and 
about  6  feet  deep.  Then  followed  only  10  feet  of  unbroken  slope, 
succeeded  by  77  feet  of  break  about  8  feet  deep;  then  ten  more  feet 
of  undamaged  slope,  and  finally  a  break  65  feet  long  and  ten  feet 
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fleep,  terminating  some  75  feet  from  the  east  end  of  the  main  em- 
bankment. The  dam  was  repaired  after  the  flood  and  has  remained 
in  service  ever  since. 

LAKE  LEIGH  DAM. 

This  dam  is  one  of  three  which  were  constructed  at  the  head- 
waters of  Kitchen  Creek,  between  the  years  1903  and  1906,  to  give 
pondage  for  a  proposed  hydro-electric  development;  the  total  stor- 
age in  the  three  reservoirs  amounting  to  1,600,000,000  gallons,  with 
a  tributary  drainage  area  of  6  square  miles.  The  reservoirs  im- 
pounded by  these  dams  are  known  as  Lakes  Jean,  Rose  and  Leigh; 
the  first  of  which  lies  partly  in  Luzerne  county  and  partly  in  Sullivan 
county,  whUe  the  two  latter  are  entirely  in  Luzerne  County. 

The  Lake  Leigh  dam  is  on  the  Leigh  Branch  of  Kitchen  Creek, 
about  a  mile  and  a  quarter  above  its  junction  with  the  Ganoga 
Branch.  It  was  built  in  1906  by  the  Ambursen  Hydraulic  Con- 
struction Company,  and  impounds  a  reservoir  105  acres  in  area,  with 
a  storage  estimated  at  500,000,000  gallons,  and  a  tributary  drainage 
area  of  1.65  square  miles. 

In  1909,  and  again  in  1911,  this  dam  suffered  an  incipient  failure, 
by  the  development  of  copious  leaks  beneath  the  cut-off  wall  of  the 
concrete  section. 

Below  Lake  Leigh  the  stream  flows  through  a  gorge-like  glen,  with 
a  total  fall  of  1,200  feet  in  about  2J  miles.  Beyond  this,  for  a  dis- 
tance of  about  5  miles,  to  its  junction  with  Huntingdon  Creek,  the 
fall  of  the  stream  is  less  rapid,  and  it  is  followed  by  a  public  high- 
way, along  which  are  several  farmhouses.  The  town  of  Harveyville, 
with  a  population  of  about  250,  is  on  Huntingdon  Creek,  about  1^ 
miles  below  the  mouth  of  Kitchen  Creek;  and  two  and  four  miles 
farther  on  are  the  villages  of  Huntingdon  Mills  and  Watertown,  with 
populations  of  150  and  75,  respectively. 

The  dam  is  of  the  hollow,  reinforced  concrete  type,  and  is  32  feet 
high  at  the  maximum  section,  and  320  feet  long,  exclusive  of  earthen 
embankments  at  each  end.  The  spillway,  24  feet  long  and  2  feet 
deep,  is  at  about  the  middle  of  the  concrete  section.  No  apron  is  pio- 
vided  on  the  downstream  side  of  the  spillway.  There  are  three  out- 
let pipes,  one  at  the  middle  of  the  dam,  31  feet  below  its  crest,  and 
two  near  one  end,  12  feet  and  20  feet  below  its  crest. 

The  earth  embankments  at  the  ends,  204  feet  and  168  feet  long, 
respectively,  are  provided  with  concrete  core-walls,  and  the  slopes 
are  protected  with  riprap. 

The  concrete  portion  consists  of  buttresses,  supporting  slabs  of 
leinforced  concrete  which  are  inclined  at  an  angle  of  45  degrees. 
The  geological  formation  of  the  valley  is  said  to  be  sandstone  or 
conglomerate  rock,  with  a  thin  overburden  of  soil,  and  the  buttress 
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footings  and  cut-off  wall  are  reported  to  have  been  carried  down  to  .. 
full  bearing  upon  the  rock.  The  buttresses,  which  are  12  feet  on 
centers,  were  built  in  9'  6"  lifts,  and  are  12  inches  thick  at  the  top, 
increasing  in  thickness  by  4  inches  at  each  lift.  The  maximum  com- 
pressive stress  in  the  buttresses,  which  are  of  1-3-6  concrete,  was 
found  to  be  5.8  tons  per  square  foot,  and  at  no  place  were  they  in 
tension.  The  deck  slab  is  of  1-2-4  concrete,  10  inches  thick,  rein- 
forced with  f "  square  bars,  6  inches  on  centers,  for  a  vertical  dis- 
tance of  12  feet  below  the  crest.  It  thence  gradually  increases  in 
thickness  to  16  inches  at  the  bottom,  where  the  f"  bars  are  4y, 
center  to  center.  The  unit  stresses  in  the  deck  slab  are  high,  the 
minimum,  which  occurs  at  the  10"  section,  being  15,350  lbs.  per 
square  inch  in  the  steel,  and  810  lbs.  per  square  inch  in  the  concrete ; 
and  the  maximum,  which  occurs  at  the  16"  section,  being  19,600  lbs. 
per  square  inch  in  the  steel,  and  874  lbs.  per  sq.  in.  in  the  concrete. 
The  maximum  shear  stress  in  the  concrete  was  found  to  be  74  lbs.  per 
square  inch. 

Calculations  of  the  stability  of  the  dam  against  overturning  show 
that  the  resultant  intersects  the  base  16.7  feet  from  the  toe,  or  4.53 
feet  within  the  middle  third.  The  total  combined  weight  of  the  ma-  — 
sonry  and  water  acting  at  the  bottom  of  the  highest  buttress  is  540,- 
000  lbs.,  which  gives  a  maximum  pressure  of  4.6  tons  per  square  foot 
on  the  foundations.  The  maximum  coeflScient  of  sliding  revealed  ^^ 
by  the  calculations  is  0.73. 

In  1909  a  leak  appeared  under  the  dam,  the  water  evidently  being 
forced  beneath  the  upstream  toe  or  cut-off  wall,  and  rising  under  the  -v^ 
deck  in  five  days.  The  water  was  drawn  from  the  reservoir,  and  the  'S^ 
Ambursen  Company  employed  to  stop  the  leakage.  It  was  thought 
that  in  constructing  the  cut-off  wall  the  rock  foundation  in  the  trench 
liad  not  been  properly  cleaned,  and  that  the  water  was  forced  be- 
tween the  rock  and  the  concrete  footing.  In  order  to  repair  this,  a 
trench  was  dug  along  both  sides  of  the  footing,  the  rock  thoroughly 
cleaned,  and  concrete  laid  against  the  footing.  When  the  reservoir 
was  refilled  the  leaks  did  not  reappear.  In  1911,  however,  a  large 
leak  developed  near  the  spillway,  though  not  in  one  of  the  bays  in 
which  the  previous  leak  had  occurred.  The  water  was  forced  under 
the  footing  under  considerable  pressure,  as  was  indicated  by  its 
agitation.  At  this  time  the  elevation  of  the  water  in  the  reservoir 
was  a  foot  or  more  below  the  crest  of  the  spillway,  and  the  entire 
discharge  of  the  stream,  amounting  to  approximately  5  cubic  feet 
per  second,  was  carried  through  the  leak.  There  was  also  leakage 
through  the  earthen  embankment  at  one  end  of  the  dam,  and  through 
expansion  joints  and  cracks  in  the  deck  slab. 
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LATROBE  WATER  COMPANY. 

A  timber  crib  dam  was  constructed  across  Loyallianna  Creek  by 
the  Latrobe  Water  Company  in  1895,  for  the  purpose  of  forming  an 
intake  from  which  to  pump  water  to  the  borough  of  Latrobe.  It  was 
iibout  three  miles  northwest  of  Latrobe,  at  the  village  of  Kingston, 
above  which  point  the  tributary  drainage  area  is  approximately  170 
square  miles. 

The  dam  was  constructed  of  hewn  timber  cribbing,  spiked,  bolted, 
and  entirely  filled  with  earth  and  rock.  The  downstream  slope  of 
the  cribbing  was  1  on  2,  and  the  upstream  side  vertical,  with  earth 
placed  against  it  to  about  its  natural  slope.  The  downstream  side  of 
the  cribbing  was  faced  with  plank,  and  an  apron,  10  feet  wide,  con- 
structed along  the  toe  throughout  the  length  of  the  dam.  The  height 
of  the  structure,  above  the  natural  bed  of  the  creek,  was  about  six 
leet,  and  its  total  length  on  the  crest  225  feet. 

The  dam  was  partly  destroyed  on  two  occasions,  January  28th,  1904, 
and  February  26th,  1912,  Each  failure  was  occasioned  by  high  water, 
due  partly  to  rainfall  and  melting  snow,  and  partly  from  the  break- 
ing of  ice  jams  upstream.  The  first  of  these  floods  carried  out  a 
75  foot  section  at  the  southern  end  of  the  dam,  entirely  destroyed 
the  cribbing,  and  dei)osited  the  rock  some  distance  down  stream. 
The  washout  section  was  replaced  with  the  same  type  of  structure 
as  that  of  the  remaining  portion  of  the  dam,  and  back-filled  with 
earth. 

The  failure  of  tlie  dam  in  1912  occurred  during  a  discharge  of  three 
feet  of  water  over  the  crest,  caused  by  the  breaking  up  of  two  ice- 
jams  above  the  dam.  The  cribbing  was  torn  out  and  a  breach  washed 
through  the  structure  in  the  section  repaired  in  1904. 

LEBANON  CITY  DAM  NO.  2. 

The  No.  2  dam  of  the  city  of  Lebanon,  which  was  constructed  in 
1884,  as  a  part  of  its  waterworks  system,  is  situated  on  the  West 
Branch  of  Hammer  Creek,  at  the  foot  of  South  Mountain,  about  six 
miles  southeast  of  Lebanon,  above  which  point  the  tributary  drain- 
age area  is  317  acres.  About  600  feet  below  this  dam  is  another 
reservoir,  known  as  No.  1,  constructed  in  1871,  above  which  the 
drainage  area  is  317  acres.  Reservoir  No.  2  has  a  capacity  of 
49,200,000  gallons,  and  reservoir  No.  1  a  capacity  of  18,- 
000,000  gallons.  The  drainage  area  above  these  reservoirs  is  unin- 
habited mountain  land  and  the  runoff  therefrom  is  said  to  be  high. 
Below  the  No.  1  dam,  at  the  foot  of  South  Mountain,  the  country 
opens  into  a  cultivated  valley  almost  two  miles  wide;  a  low  ridge 
to  the  north  turning  Hammer  creek  southward  into  Conestoga  creek, 
and  separating  this  drainage  from  the  Quittapahilla  watershed. 
In  this  broad,  wide  valley  of  the  West  Branch  of  Hammer  Creek 
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are  a  number  of  roads  and  farmhouses,  none  of  the  latter  of  which, 
however,  lie  directly  below  the  reservoirs;  and  in  the  event  of  the 
failure  of  either  of  them  it  is  probable  that  no  lives  and  little  prop- 
erty damage  would  result.  Neither  of  these  dams  has  failed,  but 
the  strength  of  dam  No.  2  has  been  impaired  on  several  occasions. 

This  dam  consists  of  an  earthen  embankment  which,  as  originally 
constructed,  was  about  22  feet  in  maximum  height  and  380  feet  long. 
The  width  on  top  was  13  feet,  while  the  upstream  slope  was  1  on  2^, 
and  the  downstream  slope  1  on  1^.  In  1909  the  dam  was  raised  to 
its  present  height,  which  is  about  39  feet  above  the  natural  surface 
of  the  ground,  and  the  total  length  was  thus  increased  to  700  feet 
In  constructing  the  new  embankment  an  8  foot  berm  was  made 
in  the  upstream  face,  at  the  elevation  of  the  top  of  the  old  dam,  and 
the  new  embankment  was  thence  continued  at  a  slope  of  1  on  2. 
The  crest  width  was  made  15  feet  and  the  downstream  slope  1  on  l-J. 
The  embankment  was  constructed  of  material  found  in  the  reservoir 
bed,  consisting  of  a  mixture  of  sand,  clay  and  shale,  and  the  shrink- 
age in  the  embankment,  due  to  packing  and  settlement,  was  stated 
to  have  been  about  16  per  cent,  of  the  yardage  measured  in  excava- 
tion. The  upstream  face  of  the  old  embankment  was  protected  with 
vitrified  brick,  set  on  edge  and  filled  with  pitch,  but  the  downstream 
face  was  not  protected. 

A  gate-tower  was  built  near  the  upstream  toe  of  the  dam,  and 
from  it  20  and  16-inch  mains  were  carried  through  the  embankment, 
while  a  12-inch  drain  pipe  was  located  about  80  feet  to  the  west 
thereof.  None  of  these  pipe  lines  appear  to  have  been  provided  with 
cut-offs  or  collars.  A  drain  pipe  was  carried  longitudinally  through 
the  lower  portion  of  the  embankment,  from  which  several  laterals 
led  to  the  toe  of  the  slope.  At  each  end  of  the  embankment  cut  off 
walls  were  carried  20  feet  into  the  hillside,  and  the  same  distance 
into  the  embankment. 

The  spillway  15  feet  wide  and  1.7  feet  deep  is  at  the  eastern  end 
of  the  dam.  The  wasteway  consists  of  a  stone  paved  channel,  carried 
along  the  downstream  toe  of  the  dam  for  a  distance  of  about  240 
feet,  and  into  the  old  creek  channel  at  a  point  about  80  feet  below 
the  same.  The  capacity  of  the  old  reservoir  was  14,600,000  gallons, 
and  by  raising  the  embankment  the  storage  was  increased  to  49,200,- 
000  gallons.  The  capacity  of  the  spillway  is  estimated  at  100  second 
feet,  and  it  provides  for  a  runoff  from  the  drainage  area  of  one-half 
a  square  mile  at  the  rate  of  about  200  second  feet  per  square  mile. 

On  April  4th,  1910,  a  slight  slip  occurred  in  the  downstream  portion 
of  the  embankment,  and  a  more  serious  one  on  the  following  day, 
directly  over  the  old  12-inch  drain  pipe,  the  total  amount  of  the 
material  moved  being  about  485  cubic  yards.  This  material  was 
thrown  back  to  the  1^  to  1  slope,  and  the  services  of  a'  consulting  en- 
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gineer  secured  for  the  purpose  of  recommending  the  method  to  be 
employed  in  the  permanent  repair  of  the  dam,  and  to  prevent  the 
recurrence  of  the  slipping  of  the  downstream  portion  of  the  em- 
bankment. With  regard  to  the  slip  in  April,  1910,  the  following 
statement  is  contained  in  the  report  of  the  City  Engineer,  to  the 
Board  of  Lighting  and  Water  Commissioners  of  Lebanon: 

"It  was  found  that  the  stone  paving  on  the  top  of  the  old  breast 
forming  the  berm  between  the  top  of  the  old  breast  and  the  toe  of  the 
new  breast  had  settled  in  several  places,  but  the  brick  paving  had 
remained  intact  and  had  not  slipped  down  the  slope.  Therefore  at 
several  places  there  was  an  open  space  at  the  bottom  of  the  brick 
paving.  It  was  also  found  that  the  concrete  which  had  been  placed 
on  the  top  of  the  berm  had  been  frozen,  and  therefore  was  useless 
for  the  purpose  intended.  The  stone  paving  was  then  torn  up  and 
relaid  in  concrete,  and  new  material  placed  between  the  toe  of  the 
brick  paving  and  the  bottom  of  the  concrete  paving  and  over  a  foot 
of  tlie  brick  work.  The  entire  berm  and  about  a  foot  down  the  slope 
of  the  old  embankment  was  covered  with  concrete  4  inches  thick." 
Besides  this  work,  it  is  reported  that  all  unfilled  joints  in  the  brick- 
work were  poured  with  cement  grout,  and  the  entire  paving  slushed 
with  a  rich  mixture  of  cement  and  sand.  This  cement  covering 
cracked  and  peeled  off  soon  after  it  was  placed,  and  became  useless 
in  preventing  percolation. 

The  dam  was  examined  by  a  consulting  engineer,  who  recom- 
mended that  the  downstream  slope  be  made  1  on  2,  and  that  the 
flattened  slope  should  be  secured  by  making  a  fill  of  stones  and  other 
loose  material  on  the  downstream  side  of  the  embankment.  In  May, 
1911,  the  downstream  slope  was  made  1  on  2;  but  it  is  understood 
the  work  was  not  done  in  the  manner  recommended  by  the  consult- 
ing engineer,  in  that  the  additional  slope  was  secured  by  filling 
with  the  same  kind  of  material  as  was  formerly  used.  This  new 
slope  was  then  protected  from  top  to  bottom  with  heavy  hand-laid 
rock  riprap. 

On  April  4th,  1912,  a  crack  appeared  at  the  downstream  edge  of 
the  crest  of  the  embankment,  and  it  was  noticed  that  the  embank- 
ment had  settled  and  bulged  below  the  crack.  On  April  8th  a  large 
slip  occurred  about  120  feet  from  the  west  end  of  the  dam,  which 
extended  over  a  length  of  about  65  feet.  This  slip  started  at  the 
downstream  edge  of  the  crest  of  the  embankment,  and  the  material 
flowed  for  a  distance  of  about  25  feet  below  the  lower  toe,  leaving 
the  riprap  over  the  lower  portion  of  this  slope  practically  undis- 
turbed. No  breach  was  made  through  the  dam,  and  no  water  passed 
out  of  the  reservoir,  but  the  water  was  immediately  lowered  three 
feet  as  a  measure  of  precaution.  The  cause  of  this  slipping  of  the 
embankment  has  not  been  definitely  determined,  but  it  will  be  ob- 
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served  that  it  occurred  in  the  spring  of  the  year  when  frost  was  com- 
ing out  of  the  ground  and  during  heavy  rains.  The  material  of 
which  the  embankment  was  constructed  is  of  poor  quality  for  such  a 
purpose,  and  it  is  probable  that  the  upstream  facing  is  not  im- 
pervious, and  that  there  is  percolation  and  seepage  through  the  em- 
bankment, which  contains  no  core  or  cut-off  walls.  Dependence  was 
evidently  placed  upon  the  concrete  and  brick  slope  paving  on  the 
upstream  face  of  the  dam  for  watertightness,  as  the  embankment  is 
apparently  pervious.  With  regard  to  the  depth  at  which  the  em- 
bankment may  have  been  saturated,  the  City  Engineer  stated  in  1911, 
when  it  was  decided  to  increase  the  outer  slope  of  the  dam  from  1^ 
to  1  to  2  to  1,  and  soundings  were  made  in  the  downstream  portion 
of  the  fill,  that  the  embankment  was  saturated  to  a  depth  averaging 
three  feet  vertically  below  the  slope,  and  it  appeared  that  sounding 
irons  could  be  turned  by  hand  without  difficulty  to  this  depth,  while 
below  it  the  material  seemed  to  be  hard  and  compact. 

MACDONALDTON  DAM. 

The  Brothers  Valley  Coal  Company  completed,  in  August,  1911. 
a  concrete  dam  across  a  small  stream  at  the  headwaters  of  Buffalo 
Creek,  at  Macdonaldton,  Somerset  County,  for  the  purpose  of  im- 
pounding water  for  boiler  use.  The  drainage  area  above  the  struc- 
ture is  0.5  of  a  square  mile,  consisting  of  open,  cultivated  land.  The 
reservoir,  capacity  about  16,000,000  gallons,  was  below  the  village, 
and  the  valley  contained  no  houses  which  could  be  injured  by  a 
failure. 

The  dam,  which  was  designed  by  engineers  of  the  coal  company, 
and  built  with  company  labor  under  the  supervision  of  the  designers, 
was  constructed  of  concrete,  with  a  vertical  upstream  face.  The 
length  on  the  crest  was  419  feet,  and  maximum  height  above  the 
ground  surface  10  feet,  while  the  foundation  extended  below  the 
surface  a  distance  of  four  feet.  The  top  width  of  3  feet  remained  the 
same  to  a  point  4  feet  below  the  crest,  from  which  point  the  down 
stream  face  was  battered,  so  that  the  width  of  the  base  was  13  feet. 

The  dam  rested  for  two-thirds  of  its  length  upon  a  foundation  of 
clay,  and  for  the  remaining  third  upon  shale;  and  no  precautions 
were  taken  to  prevent  the  percolation  of  water  beneath  it,  or  to  pre- 
vent sliding.  The  excess  excavation  in  the  trench  was  generally 
back-filled  with  the  nearest  material  at  hand, — clay,  soil,  or  swamp 
muck, — and  the  puddle  effect  to  be  desired  was  not  secured.  Near 
the  center  of  the  dam  was  a  sj)illway,  0  feet  wide  and  1  foot  deep, 
while  through  the  dam  was  a  16-inch  waste  pipe,  and  an  8-inch  sup- 
ply pipe,  with  valves  near  tlie  downstream  toe. 

It  is  reported  that  from  the  time  of  completion,  on  August  Ist, 
until  September  14th,  the  water  in  the  reservoir  rose  to  within  two 
feet  of  the  crest  of  the  spillway,  at  which  time  heavy  rains  caused 
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the  reservoir  to  fill  rapidly,  until  on  September  15th,  at  5  P.  M., 
the  water  with  within  a  few  inches  of  the  spillway  crest.  A  slight 
crack  was  then  noticed  in  the  face  of  the  dam,  just  below  the  top  of 
the  spillway,  and  by  6  P.  M.  this  crack  had  become  considerably 
larger  and  water  was  coming  through  it  above  the  surface  of  the 
ground.  Water  was  also  observed  bubbling  up  at  the  downstream 
toe,  and  at  about  8  P.  M.  it  had  forced  its  way  beneath  the  base 
by  eroding  an  opening  under  the  spillway  section,  about  25  feet  long 
and  6  feet  deep.  The  reservoir  was  completely  emptied,  but  the 
flow  was  throttled  and  retarded  so  that  no  loss  to  life  or  serious 
property  damage  resulted. 

Upon  examination  it  was  found  that  the  center  of  the  dam  had 
moved  downstream  a  distance  of  8  inches,  that  there  was  a  deflection 
upstream  of  2^  inches  at  a  point  123  feet  from  the  west  end,  while 
the  upstream  face  remained  almost  vertical,  the  maximum  deflection 
being  1^  inches.  The  section  undermined  sagged  about  3  inches, 
while  several  large  vertical  cracks  extended  entirely  through  the  face 
of  the  dam. 

An  analysis  of  the  probable  stresses  in  the  structure  is  given  on 
Plate  19,  having  been  computed  on  the  assumption  that  the  water 
pressure  was  effected  between  the  crest  and  the  foundation,  with 
and  without  upward  water  pressure  under  tlie  base.  The  intensity 
of  the  upward  pressure  was  estimated  as  equal  to  the  full  hydro- 
static pressure  due  to  the  head  at  the  upstream  toe,  and  decreasing 
uniformly  to  zero  at  the  downstream  toe.  It  will  be  seen  from  the 
diagram  that,  for  reservoir  empty,  the  line  of  pressure  follows  very 
closely  the  middle  third,  and  the  pressure  on  the  base  is  well  within 
safe  limits.  For  reservoir  full,  with  no  upward  water  pressure  on 
the  base,  the  figure  shows  that  the  line  of  resistance  lies  well  within 
the  middle  third,  and  that  for  this  condition  the  dam  was  suitably 
designed  against  overturning,  the  factor  of  safety  being  2.14  on  the 
base.  With  regard  to  sliding,  however,  the  analysis  indicates  that 
the  coefficient  of  friction  to  prevent  failure  would  have  to  be  greater 
than  0.62,  whereas  it  lies  probably  somewhere  between  0.3  and  0.5, 
as  the  masonry  rests  upon  a  foundation  of  clay,  probably  more  or 
less  moist. 

Upward  water  pressure  probably  did  exist  on  the  base  of  the  dam, 
and,  if  the  intensity  was  as  indicated  above,  the  line  of  resistance 
would  cut  the  base  "ij''  at  a  point  about  midway  between  the  middle 
third  and  downstream  toe,  or,  more  exactly,  2.4  feet  outside  of  the  mid- 
dle third.  For  this  condition,  it  is  found  that  the  tangent  of  the  angle 
between  the  vertical  and  the  resultant  force  acting  on  the  base, 
which  measures  the  tendency  of  the  dam  to  slide,  was  1.02.  It  would 
appear,  therefore,  that  the  dam  was  held  in  place  largely  by  the 
material  below  the  lower  toe,  and  by  tension  in  the  masonry.    On 
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this  assumption,  also,  the  factor  of  safety  against  overturning  is 
only  1.16;  the  diagram  indicating  that,  as  there  could  be  no  tension 
at  the  joint  between  the  masonry  and  the  clay,  there  was  opportunity 
for  the  entrance  of  water  under  the  base.  The  maximum  compres- 
sion on  the  base,  at  the  lower  toe,  is  4,058  lbs.  per  square  ft.,  or  28 
lbs.  per  sq.  inch,  not  an  excessive  figure. 

The  failure  was  due,  it  is  believed,  to  percolation  between  the  base 
of  the  dam  and  the  foundation.  With  the  increasing  head,  as  the 
reservoir  filled,  the  water  forced  itself  under  the  dam  and  gradually 
washed  out  a  channel,  until,  within  a  few  hours,  sufficient  velocity 
was  gained  to  cause  the  material  to  be  forced  out  with  a  rush,  leav- 
ing the  dam  suspended  over  the  hole.  There  probably  was  also  some 
sliding  movement,  and,  had  not  the  hole  been  washed  out  from  under- 
neath, the  dam  would  evidently  have  failed  by  sliding. 

The  dam  was  repaired  shortly  after  the  failure  by  filling  the  hole 
washed  out  from  beneath  with  concrete,  and  placing  a  selected  clay 
embankment  on  the  upstream  side  of  the  masonry  section,  which  was 
provided  with  drains,  so  that  it  could  act  as  a  gravity  retaining 
wall.    The  reservoir  has  been  in  use  since  these  repairs  were  made. 

NORTH  STRABANE  WATER  COMPANY  DAM. 

A  timber  crib  dam  was  built  across  Littie  Chariters  Creek  by  the 
North  Strabane  Water  Company  in  1901,  and  since  its  construction 
it  has  failed  four  times,  twice  in  1910  and  twice  in  1912.  After  the 
second  failure  in  1912  it  was  wisely  abandoned,  as  it  probably  could 
not  have  withstood  future  floods  unless  entirely  rebuilt  on  different 
lines. 

The  dam  was  about  12  feet  high,  350  feet  long  on  the  crest,  and 
when  first  built  it  was  estimated  to  impound  20,000,000  gallons,  but 
the  basin  soon  became  so  silted  up  as  to  make  the  storage'^  almost 
negligible.  The  cribbing  was  filled  with  rock  and  the  up  and  down- 
stream decks  covered  with  plank;  a  clay  fill  was  placed  against  the 
upstream  side  of  the  cribbing.  At  one  end  of  the  cribbing  the  dam 
was  continued  by  means  of  an  earth  embankment,  40  feet  long,  to 
the  hillside.  The  drainage  area  of  Littie  Chartiers  Creek  tributary 
to  the  reservoir  is  43  square  miles,  the  dam  being  1.5  miles  above 
the  mouth  of  the  stream. 

Of  the  failures  in  1910  no  accurate  account  could  be  secured; 
but  the  breaches,  washed  through  the  cribbing,  were  replaced  by 
filling  with  clay,  and  in  one  portion  with  masonry.  After  the  first 
failure  in  1912,  which  occurred  in  about  the  center  of  the  dam,  a 
spillway  was  provided  by  means  of  constructing  concrete  wing-walls 
and  filling  the  cribbing  betw^een  them  with  rough  masonry,  cemented 
over  the  top.  This  portion  of  the  spillway  was  built  up  to  within 
about  six  feet  of  the  top  of  the  side  walls,  and  flashboards  were  used 
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to  raise  the  water  to  the  crest  of  the  old  remaining  cribbing.  This 
spillway  was  49  feet  in  length  and  6  feet  deep,  while  on  one  side  of 
it  there  remained  a  section  of  the  old  cribbing,  about  60  feet  long 
on  the  crest,  and  2^  feet  below  the  crest  elevation  of  the  spillway 
wall.  On  the  opposite  side  of  the  spiQway,  the  cribbing,  or  breaches 
which  had  been  made  in  the  same,  had  been  covered  with  clay,  and 
this  embankment  had  a  length  on  the  crest  of  about  200  feet.  A 
portion  of  the  upstream  side  of  this  embankment  was  protected 
by  means  of  a  concrete  wing-wall,  40  feet  in  length,  attached  to 
the  spillway. 

A  heavy  rainfuall  occurred  in  the  vicinity  on  July  24tli,  1912,  and 
the  water  rose  behind  the  dam  so  that,  at  about  7  P.  M.,  the  spillway 
became  filled  and  the  water  started  flowing  over  the  embankment. 
The  water  rose  two  feet  over  the  crest  of  the  dam  by  about  8  o** 
8.30  P.  M.,  at  which  time  a  breach  was  washed  through  the  em- 
bankment directly  adjoining  the  spillway  wall.  The  breach  was 
about  30  feet  in  length  and  the  full  depth  of  the  dam;  the  wing- 
wall  connected  with  the  spillway  wall  was  demolished. 

The  spillway  opening  for  a  flood  discharge,  at  the  time  of  the  fail- 
ure, was  109  feet  long  and  2^  feet  deep,  and  its  carrying  capacity 
was  about  1,300  second  feet.  It  was  capable  of  discharging  a  flood 
run-off,  therefore,  at  the  rate  of  only  about  30  second  feet  per  square 
mile  of  tributary  drainage  area,  and  it  is  readily  understood  why 
it  became  filled  and  the  embankment  overtopped. 

OAKFORD  PARK  DAM. 

The  failure  of  the  Oakford  Park  Dam,  on  a  small  stream  in  West- 
ern Pennsylvania,  which  resulted  in  the  loss  of  twenty-three  lives, 
shows  that  a  great  catastrophe  may  be  caused  by  the  failure  of  a 
comparatively  small  dam,  and  accentuates  the  importance  of  super- 
vision over  such  structures. 

The  structure  was  built  by  the  Pittsburgh,  McKeesport  &  Greens- 
burg  Traction  Company  in  1895,  to  form  a  pleasure  lake  in  Oakford 
Park,  which  was  maintained  by  the  Traction  Company.  It  was  on 
Brush  Creek,  about  a  mile  northeast  of  Jeannette,  and  the  drainage 
area  tributary  to  it  consisted  of  6  square  miles  of  rolling  farmland. 
The  reservoir  was  about  1,000  feet  long  and  covered  an  area  of  about 
C  acres.  Directly  below  the  dam  were  a  number  of  frame  build- 
ings, while  about  a  mile  below  the  structure  the  creek  was  carried 
in  a  culvert  through  the  embankment  of  the  Pennsylvania  Railroad 
Company. 

The  dam  was  about  25  feet  in  maximum  height,  constructed  of 
puddled  earth,  with  a  spillway  at  one  end.  It  was  321  feet  long 
and  14i  feet  wide  on  the  crest.  Both  slopes  were  1  on  2,  and  were 
dry  paved  with  flat  stones,  averaging  4  inches  in  thickness,  12  to 
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24  inches  long,  and  12  inches  deep,  laid  on  edge.  The  embankment 
is  said  to  have  been  built  in  8-inch  layers  of  clayey  loam,  black  soil, 
and  gravel,  and  was  hard  and  compact.  There  was  no  core-wall  or 
puddle  lining,  although  a  rubble  masonry  wall  of  small  stones,  laid 
in  cement  mortar  of  poor  quality,  2  feet  thick,  was  constructed  across 
the  original  creek  channel,  about  25  feet  upstream  from  the  center 
line  of  the  dam.  This  wall  was  extended  beneath  the  natural  ground 
surface  and  into  the  embankment  for  a  distance  of  3  or  4  feet.  The 
presence  of  many  roots  "in  place,"  where  the  natural  surface  of  the 
ground  was  exposed  by  the  breach  in  the  dam,  indicated  that  the 
original  surface  was  not  stripped  clean,  if  at  all,  in  preparing  the 
foundation  for  the  embankment. 

The  spillway,  25  feet  long,  at  the  eastern  end,  was  3  feet  below 
the  crest  of  the  embankment.  A  portion  of  this  spillway  had  been 
quarried  out  of  sandstone  rock,  while  the  remainder  was  formed  by 
the  embankment,  which  contained  a  masonry  core-wall.  The  spill- 
way was  confined  on  the  embankment  side  by  a  masonry  abutment 
wall  founded  on  rock,  while  the  core-wall  was  extended  from  the 
abutment  wall  for  a  distance  of  3  or  4  feet  into  the  earthen  embank- 
ment. The  inner  approach  to  the  spillway,  next  the  wall,  was  paved 
with  stone,  laid  in  cement  mortar,  the  grade  being  8  inches  in  6 
feet.  The  spillway  crest  was  level,  3  feet  wide,  and  formed  of  large 
cut  stones.  The  waste-way  was  cut  out  of  rock  in  9-inch  steps  at 
the  top,  growing  larger  at  the  bottom;  the  average  slope  being  about 
45  degrees.  The  abutment  wall  was  2^  feet  wide  on  top,  increasing 
to  5  feet  at  14.8  feet  down,  where  it  was  spread  to  11  feet  in  width. 
The  capacity  of  the  spillway  is  estimated  at  about  420  cubic  feet 
per  second,  providing  for  a  run-off  in  Brush  Creek  at  the  entirely 
inadequate  rate  of  70  cubic  feet  per  second  per  square  mile  of  tribu- 
tary drainage  area. 

On  July  5th,  1903,  eight  years  subsequent  to  its  construction,  the 
dam  failed  by  overtopping  of  the  embankment.  Previous  to  this 
date  there  had  been  heavy  rains  in  Western  Pennsylvania,  so  that 
the  ground  was  saturated  and  conditions  were  favorable  to  exces- 
sive run-off.  At  about  4  o'clock  in  the  afternoon  of  the  5th  a  heavy 
rainstorm  occurred,  described  locally  as  a  cloud-burst,  and  in  a  few 
hours,  it  is  reported  by  a  local  observer,  the  rainfall  amounted  to  5^ 
inches.  This  resulted  in  excessive  run-off,  which  could  not  be  en- 
tirely carried  by  the  spillway,  and  the  embankment  was  soon  over- 
topped. It  is  said  that  a  watchman  opened  a  24-inch  outlet  pipe 
through  the  dam  when  the  water  began  to  flow  over  the  crest  of  the 
embankment,  and  then  warned  the  many  visitors  in  the  park  of  their 
danger  and  endeavored  to  make  them  leave.  At  about  half  past  four 
o'clock  the  rainfall  was  exceptionally  heavy  and  the  dam  was 
breached.     The  excellent  quality  of  the  embankment  is  indicated 
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by  the  fact  that  the  breach  was  not  washed  through  the  structure 
until  almost  the  entire  downstream  portion  had  been  washed  away, 
leaving  an  almost  vertical  face,  which  showed  the  successive  layers 
employed  in  constructing  the  embankment.  It  is  reported  that  the 
water  rose  to  a  height  of  between  2  and  3  feet  above  the  crest  of  the 
embankment,  and  that  complete  failure  did  not  occur  until  a  con- 
siderable time  had  elapsed  after  the  water  began  flowing  over  the 
earthwork,  repoited  by  one  engineer  who  examined  the  structure 
as  fully  twenty  minutes,  and  by  another  as  about  one  hour. 

The  breach  in  the  dam  extended  from  the  spillway  abutment  to  a 
point  85  feet  toward  the  western  end.  The  maximum  cut  was  10 
feet  wide  at  the  bottom  and  35  feet  at  half  the  height  of  the  embank- 
ment, and  occurred  directly  over  the  old  creek  channel,  while  from 
this  point  to  the  spillway  abutment  a  portion  of  the  inner  slope 
of  the  embankment  lemained.  A  rubble  masonry  cut-off  wall,  cross- 
ing the  original  cieek  channel,  was  breached  so  that  the  total  depth 
of  the  opening  was  25  feet.  There  was  also  a  small  break,  about  8 
feet  wide  and  4  feet  deep,  through  the  embankment  at  the  western 
end  thereof.    The  reservoir  was  completely  emptied. 

Assuming  the  depth  of  water  on  the  crest  of  the  dam  to  have  been 
3  feet,  it  has  been  determined  that  the  maximum  rate  of  run-oflf  over 
the  embankment  and  through  the  spillway  amounted  to  5,530  cubic 
feet  per  second;  and  as  the  drainage  area  was  6  square  miles  this 
would  equal  a  run-otf  at  the  rate  of  922  second  feet  per  square  mile. 
With  2  feet  of  water  over  the  crest  of  the  embankment  the  discharge 
would  have  been  3,270  cubic  feet  per  second,  or  a  run-off  at  the  rate 
of  545  second  feet  per  square  mile  of  tributary  drainage  area. 

The  cause  of  the  loss  of  life  due  to  this  failure  is  explained  in  two 
ways,  both  of  which  are  here  given,  as  it  has  been  impossible  to 
authenticate  the  information  from  either  source.  During  the  after- 
noon of  the  day  of  the  failure  there  were  many  pleasure-seekers  in 
the  park,  and  when  the  heavy  rain  began  many  of  them  sought  shelter 
in  various  buildings  below  the  dam.  One  t)f  these  shelter  houses  was 
near  the  dam,  and  in  the  low  part  of  the  valley,  almost  directly  be- 
low the  breach  which  was  later  washed  through  the  structure.  It  is 
probable  that  the  people  who  congregated  in  this  building  would 
have  had  time  to  get  out  of  the  way  of  the  flood  had  they  realized 
the  danger  which  menaced  them;  but  it  was  raining  hard,  and  they 
did  not  try  to  escape,  even  after  the  embankment  had  been  over- 
topped. When  the  embankment  failed  the  reservoir  quickly  emptied 
itself,  and  the  water  descended  upon  this  building  and  destroyed  it, 
causing  the  loss  of  23  livea 

The  second  explanation  of  the  manner  in  which  the  lives  were 
lost  is  as  follows:  **The  flood- wave  rolling  down  the  Brush  Creek 
Valley  after  the  dam  gave  way  swept  all  the  frame  buildings  in  its 
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path,  overturned  several  trolley  cars,  and  broke  down  a  brick  wall 
at  the  end  of  the  car  bam.  One  of  the  trolley  cars,  full  of  people, 
was  standing  on  a  smaU  stringer  bridge  over  Brush  Greek  at  the 
car  barn,  1,500  feet  below  the  dam.  The  greatest  loss  of  life  was 
caused  by  the  overturning  of  this  car." 

The  flood  continued  down  the  valley  to  the  culvert  through  the 
I^ennsylvania  Railroad  embankment,  w^hich  was  about  16  feet  high 
and  of  22-ft.  span.  This  culvert  was  partly  obstructed  by  wreckage, 
and  the  water  rose  between  10  and  15  feet  above  its  top,  forming  a 
pool  probably  20  acres  in  extent,  which  lifted  barns  and  houses  from 
their  foundations.  Considerable  damage  was  done  to-  the  railroad 
embankment,  and  30  or  40  feet  of  the  downstream  end  of  the  culvert 
was  destroyed,  leaving  one  of  the  railroad  tracks  suspended. 

SOUTH  FORK  DAM. 

The  South  Pork  Dam  was  constructed  early  in  1853  by  the  State 
of  Pennsylvania,  for  the  purpose  of  forming  a  reservoir  to  feed  the 
Pennsylvania  Canal  during  dry  seasons.  The  attention  of  the  L^- 
islature  was  called  to  the  necessity  of  such  a  storage  reservoir  by 
the  Canal  Commissioners  in  1834,  and  surveys  were  authorized  for 
the  purpose  of  determining  upon  a  site  for  such  regulating  works. 
Mr.  Sylvester  Welsh,  in  November,  1835,  recommended  the  con- 
struction of  an  840-ft.  dam,  across  the  South  Fork  of  the  Little 
Conemaugh  River,  to  form  a  reservoir  to  contain  about  485,000,000 
cubic  feet.  Later,  after  making  further  surveys  and  explorations, 
Mr.  Welsh  proposed  a  reservoir  to  cover  465  acres,  with  a  capacity 
of  525,000,000  cubic  feet,  by  the  construction  of  a  dam  of  a  height 
believed  to  have  been  72  feet.  Mr.  Welsh  said:  "It  is  proposed  to 
build  the  dam  of  embankment  and  a  wall  of  masonry  in  conformity 
to  the  plan  heretofore  submitted.  The  waste  water  should  be  car- 
ried through  a  channel  around  the  end  of  the  dam,  and  passed  into 
the  ravine  below  it.  The  bed  of  this  channel  would  be  of  solid  rock. 
No  water  should  be  permitted  to  pass  over  the  dam.  The  sluices, 
through  which  the  water  would  be  drawn  from  the  reservoir  when 
required  for  use,  should  be  made  of  cast  iron,  set  in  masonry." 

The  Legislature  in  July,  1839,  appropriated  |70,000  for  the  con- 
struction of  the  proposed  South  Fork  and  other  reservoirs,  and  the 
work  was  placed  under  the  supervision  of  William  E.  Morris,  0.  E. 
The  Board  reported  on  October  31st,  1839,  that  the  necessary  sur- 
veys had  been  completed,  the  location  for  the  dam  determined 
upon,  and  the  work  placed  under  contract.  Mr.  Morris  approved 
of  the  location  for  the  dam  and  reservoir  as  recommended  by  Mr. 
Welsh,  and  decided  in  favor  of  an  earthen  embankment,  the  original 
plan  of  which  is  on  file  in  the  Department  of  Internal  Affairs  at 
Harrisburg.     The  contract  was  awarded   to  James  Morhead  and 
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Company  on  November  6th,  1839,  and  David  Watson  was  elected 
superintendent  of  the  reservoir,  the  contract  being  dated  January 
3l8t,  1840.  The  work  was  continued  until  May  1st,  1841,  when  it 
ceased  because  of  lack  of  funds.  On  July  3rd,  1846,  the  Legislature 
appropriated  |25,000.00  for  the  completion  of  the  dam,  and  Mr.  Morris 
prepared  new  plans  and  specifications,  similar  to  his  original  ones 
with  the  exception  that  a  frame  tower  was  substituted  for  the 
masonry  one;  but  work  was  postponed  for  one  reason  or  another 
until  1851,  when  a  new  appropriation  was  made  and  the  original  con- 
tractors proceeded  with  the  work.  The  dam  was  completed  in  1853, 
the  entire  expenditure  up  to  that  time  having  been  |166,647.50.  Dur- 
ing the  year  1854  the  Canal  Commissioners  reported  two  slight 
breaks  in  the  dam,  which  were  promptly  repaired. 

The  reservoir  was  two  miles  above  the  confluence  of  the  South 
Fork  with  the  Little  Conemaugh  "River,  and  about  16  miles  above  the 
city  of  Johnstown.  The  drainage  area  above  the  dam,  found  by  an 
actual  survey  for  the  American  Society  of  Civil  Engineers,  was  48.6 
square  miles,  consisting  of  rough  mountainous  land,  near  the  sum- 
mit, on  the  western  slope  of  the  Allegheny  Mountains.  The  shed 
comprises  a  broad,  circular  area  about  8  miles  in  diameter,  the 
stream  dividing  into  several  tributaries,  chief  of  which  are  Laurel 
Yellow,  and  Beaver  runs.  The  valley  of  the  Little  Conemaugh 
River  below  South  Fork  is  steep  and  tortious,  having  an  average 
descent  in  the  14  miles  of  21.5  feet  per  mile.  The  stream  is  followed 
from  South  Fork  to  Johnstown  by  the  main  line  of  the  Pennsylvania 
Railroad;  the  village  of  Mineral  Point  being  three  miles  below 
South  Fork,  and  the  town  of  Conemaugh  three  miles  above  Johns- 
town. 

The  South  Fork  reservoir  as  constructed  had  a  water  surface, 
at  the  elevation  of  the  spillway,  of  407  acres,  and  a  pool  length  of 
two  miles.  The  section  of  the  dam  as  indicated  on  the  plan  of  Wil- 
liam E.  Morris  in  1839,  shown  on  Plate  23,  indicates  that  the  up- 
stream portion  was  of  good  earth  and  puddle,  the  downstream  por- 
tion of  loose  rock,  and  the  central  section  of  slate.  The  upstreain 
slope  was  1  on  2  and  the  downstream  slope  1  on  1^,  the  former  being 
covered  with  slate  and  stone  riprap.  The  plan  of  the  dam  indicates 
that  a  culvert  was  carried  through  the  embankment,  in  which  were 
five  lines  of  24-inch  cast-iron  pipe,  with  a  valve  tower  at  the  up- 
stream toe  of  the  embankment.  The  dam  was  about  900  feet  long 
on  the  crest,  70  feet  in  maximum  height,  and  had  a  wasteway  ex- 
cavated in  the  rock  around  one  end.  The  embankment  plan  provided 
for  a  top  width  of  10  feet,  and  a  maximum  width  on  the  base  of 
255  feet. 

The  reservoir  was  used  by  the  Commonwealth  as  a  feeder  to  the 
canal  until  July,  1857,  when  it  and  the  canal  were  sold  to  the  Penn- 
sylvania Railroad  Company.     Subsequently  leaks  occurred  in  the 
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embankment  at  the  point  at  which  the  outlet  pipes  entered  the  cul- 
velt,  where,  in  July,  1S62,  a  serious  break  occurred;  the  upper  end 
of  the  culvert  and  a  part  of  the  embankment  being  washed  out,  al- 
though 20  feet  of  the  lower  end  of  the  culvert  and  the  embankment 
over  it  remained  in  place.  The  damage  caused  by  the  emptying  of 
the  reservoir,  which  was  only  partially  filled,  was  slight,  and  the 
breach  was  not  repaired  by  the  railroad  company;  the  western 
division  of  the  canal,  from  Johnstown  to  Blairsville,  being  abandoned 
on  May  1st,  1868.  In  March,  1875,  the  dam  and  reservoir  were  sold 
to  Mr.  John  Reilly,  and  in  June,  1880,  came  into  the  possession  of 
the  South  Fork  Hunting  and  Fishing  Club  of  Pittsburgh.  A  few 
months  previous  to  this  the  repair  of  the  structure  was  begun,  the 
work  being  let  by  contract  to  Col.  B.  F.  Ruff.  The  following  is  an 
account  of  this  repair  work,  as  contained  in  the  Report  of  iie  Com- 
mittee of  the  American  Society  of  Civil  Engineers  upon  the  cause  of 
the  failure  of  the  South  Fork  Dam: 

"The  five  lines  of  the  24-inch  sluice  pipes  were  taken  out;  the 
masonry  on  which  they  were  laid  and  the  remains  of  the  culvert 
were  left.  A  sheet-piling  of  plank  was  put  across  the  lower  part 
of  the  breach.  The  original  plan  of  making  the  lower  angle  of  the 
embankment  of  stone  was  adopted,  and  stone  of  as  large  size  as 
could  be  obtained  in  the  vicinity  were  dumped  into  the  breach,  letting 
them  form  natural  slopes.  This  stone  embankment  was  carried  up 
until  it  reached  such  a  height  as  to  enable  a  road  to  be  graded  down 
from  the  remaining  parts  of  the  dam  on  each  side  of  the  breach,  so 
that  material  could  be  hauled  in  carts  from  the  borrow-pits  on  the 
hillside.  There  being  no  sluices  for  the  discharge  of  the  flow  of 
the  stream,  the  surplus  water  found  its  way  through  the  stone  em- 
bankment, the  water  in  the  reservoir  rising  as  the  filling  on  the  upper 
side  of  the  stone  embankment  proceeded.  The  Avashing  of  the  filling 
through  the  stone  embankment  was  prevented  by  covering  its  faces 
with  brush,  hay,  etc.  The  material  relied  on  to  form  the  watertight 
embankment  consisted  of  clay  and  shale,  which  was  dumped  in  on 
the  upper  side  of  the  stone  embankment  and  carried  up  in  layers  to 
the  full  width  of  the  remaining  parts  of  the  original  dam.  There 
was  no  systematic  puddling  done;  but  the  hauling  by  teams  over  the 
freshly  deposited  material,  which  was  kept  wet  by  the  rising  water, 
made  a  fairly  compact  embankment  on  the  upper  side  of  the  stone 
embankment.  The  work  was  not  completed  that  season.  During  the 
following  winter  it  was  damaged  by  a  flood,  and  the  next  year, 
1881,  the  Hunting  and  Fishing  Club  completed  it  by  day-work.  The 
slopes  on  both  side  of  the  embankment  were  covered  with  a  heavy  rip- 
rap. According  to  Mr.  Morris  original  plan  and  specifications  the 
top  of  the  dam  was  10  feet  wide  and  10  feet  above  the  ordinary  sur- 
face of  the  water  in  the  reservoir,  which  is  understood  to  be  nearly 
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the  same  as  the  floor  of  the  waste- way.  By^  our  levels  the  floor  of  the 
waste-way,  for  176  feet  from  the  lake,  averages  1602.82  feet  above 
tidewater.  The  elevation  at  eight  points  on  the  top  of  the  remaining 
parts  of  the  dam,  where  not  affected  by  the  late  washout,  is  1610.78, 
being  7.96  feet  above  the  floor  of  the  waste-way,  or  2.04  feet  below 
its  height  as  originally  designed.  This  accords  substantially  with 
the  statements  of  parties  living  in  the  vicinity,  to  the  effect  that, 
when  the  breach  was  repaired  in  1880-81,  the  top  of  the  dam  was 
lowered  about  two  feet,  in  order  to  make  a  more  convenient  road- 
way over  it,  the  remains  of  which  are  now  15  to  20  feet  wide." 

Mr.  Morris-  specifications  provided  that  the  waste-way  should 
have  a  length  of  150  feet,  its  crest  being  10  feet  below  the  elevation  of 
tbe  top  of  the  embankment.  As  actually  built,  however,  the  effective 
length  of  the  spillway  was  less  than  70  feet,  the  length  at  the  en- 
trance, where  it  was  longest,  being  about  120  feet,  and  at  the  point 
at  which  the  waste-way  started  to  fall,  176  feet  from  the  reservoir, 
it  was  69  feet,  which  must  be  considered,  therefore,  as  the  effective 
length  in  determining  its  capacity. 

At  the  entrance  to  the  spillway  a  wooden  bridge  was  constructed 
across  the  same,  for  the  purpose  of  carrying  the  road  which  fol- 
lowed the  creek  to  South  Fork.  This  bridge  was  123  ft.  4  in.  long, 
and  was  supported  on  wooden  sills  at  both  ends,  and  by  a  series  of 
wooden  trestles  spaced  15  ft.  6  in.  apart.  The  elevation  of  the  top 
of  the  sill  under  the  bridge  in  the  waste-way,  which  was  99  feet  in 
width,  was  1603.4,  and  the  elevation  of  the  floor  beam  of  the  bridge 
was  1613.9,  a  difference  in  elevation  therefore  of  10.5  feet  The 
spaces  between  the  trestles  which  supported  the  bridge  were  partly 
obstructed  by  fixed  and  movable  fish-screens. 

The  historic  failure  of  the  dam  occurred  on  May  31st,  1889,  and 
was  caused  by  water  overflowing  the  top  of  the  embankment,  due  to 
a  flood  in  the  stream,  caused  by  the  heavy  rainstorm  of  May  30th 
and  31st,  and  to  insufficient  spillway  capacity.  The  following  is 
quoted  from  the  Transactions  of  the  American  Society  of  Civil  En- 
gineers, with  regard  to  this  rainfall: 

"On  May  30  and  31  and  June  1,  1889,  there  was  a  great  rain  on 
an  area  of  about  20,000  square  miles,  mostly  in  Pennsylvania,  but 
'extending  into  Maryland,  Virginia,  and  West  Virginia.  It  is  esti- 
mated that  about  three-fourths  of  this  area,  or  15,000  square  miles, 
constituted  the  flooded  area  in  Pennsylvania;  the  greatest  amount 
of  water  appears  to  have  fallen  near  the  summit  of  the  Allegheny 
Mountains  and  a  little  east  of  the  same,  where  the  rainfall  was 
reported  to  have  been  8  inches  to  10  inches  in  18  to  36  hours.  Of- 
ficial records  of  the  rainfall  are  reported  from  about  50  stations; 
but  there  is  none  from  any  point  on  the  watershed  of  the  South  Fork 
reservoir,  and  it  can  only  be  inferred  from  observations  reported 
from  the  watersheds  in  the  vicinity The  north- 
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east  and  southeast  quarters  include  parts  of  the  summits  of  the 
AUeghenies  and  of  their  eastern  slopes.  The  easterly  boundary 
of  tlie  South  Fork  watershed  is  this  summit,  and  by  inspection  of 
the  table  and  the  accompanying  map,  we  infer  that  the  rainfall  on 
this  watershed  was  from  6  to  8  inches.  As  w^e  are  informed,  the 
heaviest  part  of  the  rain  was  during  the  night  of  May  30  and  31, 
during  which  time  it  appears  that  there  must  have  been  several 
hours  when  it  fell  at  a  rate  of  not  less  than  two-thirds  of  an  inch 
an  hour  on  this  watershed." 

An  account  of  the  failure  of  the  dam  is  contained  in  the  Trans- 
actions of  the  American  Society  of  Civil  Engineers,  as  observed  by 
Mr.  John  G.  Parke,  Jr.,  a  civil  engineer,  who  was  an  eye-witness 
and  who  wrote  the  following  letter  to  the  President  of  the  Ameri- 
can Society: 

"We  rowed  to  the  club-house  and  found  the  water  had  risen  at 
a  wonderful  rate  during  our  row  to  the  top  of  the  lake.  I  had  been 
thinking  of  the  dam,  and  was  not  surprised  when  landing  to  be  told 
that  the  water  was  nearly  over  the  dam  and  that  men  and  a  plow 
were  needed  there.  So  taking  a  horse  from  the  stable,  I  rode  to  the 
breast  and  found  Colonel  linger.  President  of  the  South  Fork  Fish- 
ing and  Hunting  Club  at  work  on  the  dam  with  a  number  of  Italian 
laborers  (that  we  had  employed  on  some  sewerage  work) ;  there 
were  about  16  of  them.  Half  of  them  were  cutting  a  ditch  around 
the  shale  rock  at  one  end  of  the  breast.  This  ditch  was  cut  through 
the  original  ground  and  about  25  feet  from  the  constructed  portion 
of  the  breast.  The  shale  was  so  tough  that  they  could  not  cut  it 
more  than  about  14  inches  deep  and  about  2  feet  wide,  but,  when  it 
was  cut  through  to  the  lake,  the  water  rushed  in  and  soon  made  it 
a  swift  stream,  25  feet  wide  and  about  20  inches  deep;  but  the  rock 
was  so  hard  that  it  could  not  cut  it  any  larger  than  this.  Previous 
to  this  being  opened  and  shortly  afterward,  I  made  two  observa- 
tions of  the  height  of  the  water,  and  the  lake  in  the  hour  had  risen 
0  inches.  During  the  digging  of  this  ditch  I  rode  back  and  forth 
over  the  dam  directing  the  laborers.  We  had  a  plow  at  work  throw- 
ing up  a  furrow,  and  thus  raising  a  temporary  barrier  or  breast  to 
retard  the  water  flowing  over  the  dam,  should  it  reach  that  height, 
which  it  was  gradually  doing.  I  noticed  that  the  waste-wier  proper 
was  discharging  to  its  full  capacity,  and  that  there  was  no  drift 
or  other  matter  to  clog  it,  except  a  road  bridge  supported  on  small 
posts  which  were  apparently  offering  but  little  resistance  as  the 
wier  was  narrower  by  about  15  feet  at  100  feet  from  its  mouth,  and 
this  contraction  compensated  for  the  resistance  to  flow  offered  by 
the  bridge  supports.  There  was  probably  seven  feet  of  water  in  the 
wier  at  the  time.  There  were  some  iron  screens  between  the  foot  of 
each  post  on  the  outer  row  of  the  bridge  supports,  but  they  were 
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but  18  inches  high  and  could  not  have  been  removed,  had  we  wished  to, 
owing  to  the  depth  and  velocity  of  the  water.     The  water  in  the 
lake  rose  until  it  was  passing  over  the  breast,  notwithstanding  that 
the  lake  had  then  the  two  outlets  (the  waste  wier  and  the  one  cut  by 
the  laborers).     The  breast  was  slightly  lowered  in  the  center  and 
the  water  washed  away  our  temporary  embankment  thrown  up  by 
the  plow  and  shovels,  and  the  water  was  passing  over  in  many 
places  in  a  distance  of  300  feet  about  the  center  of  the  breast;  the 
men  stuck  to  their  task  and  worked  until  the  water  was  passing 
over  in  nearly  one  sheet,  and  then  they  became  frightened  and  got 
off  the  breast.    I  saw  what  would  be  the  consequence  when  the  water 
passed  over  the  breast  and  rode  to  South  Fork  village  and  warned 
the  people  in  the  low  lands  there,  and  had  word  telegraphed  to 
Johnstown  that  the  dam  was  in  danger.    The  people  in  South  Fork 
heeded  the  warning  and  moved  out  of  their  houses.     When  I  left 
South  Fork,  to  return,  it  was  just  12  o'clock  noon,  and  the  water 
had  been  flowing  over  the  dam  for  at  least  a  half  hour.     I  rode 
back  up  to  the  lake,  2^  miles  thr<Jugh  the  valley,  and  found  the  men 
had  torn  up  a  portion  of  the  flooring  of  the  waste- wier  bridge  and 
were  endeavoring  to  remove  the  "V"  shaped  floating  drift  guard 
that  projected  into  the  lake.    It  was  a  light  affair  and  was  built  to 
float  on  the  surface  of  the  lake  and  catch  twigs,  leaves,  etc.,  and  pre- 
vent their  clogging  up  the  iron  screenes  spoken  of  above.    I  crossed 
the  breast  at  this  time,  and  found  the  water  was  cutting  the  outer 
face  of  the  dam,  but  not  as  badly  as  I  feared  it  would;  its  greatest 
effect  was  on  some  portions  of  the  roadway  which  crossed  the  breast 
where  the  roadway  had  been  widened  on  the  lower  side  by  the  addi- 
tion of  a  shale  earth  or  disintegrated  shale,  upon  which  the  action 
of  the  water  was  instantaneous,  but  the  heavy  riprapping  on  the 
outer  face  of  the  dam  protected  this  wash  and  the  water  cut  little 
gullies  between  each  of  the  large  stones  for  riprap.    I  did  not  stay 
on  the  dam  when  it  was  in  that  condition,  but  went  on  to  the  end 
of  the  dam,  and  found  that  over  its  entire  top  it  was  serried  by 
little  streams  where  the  water  had  broken  through  our  little  embank- 
ment and  was  running  over  the  dam.    I  went  on  to  the  new  waste- 
wier  we  had  cut  and  found  it  carrying  off  a  great  volume  of  water 
and  at  a  great  velocity.    I  with  diflflculty  waded  it  and  found  that  it 
was  up  to  my  knees,  or  20  inches  deep.    T  felt  confident  that  noth- 
ing more  could  be  done  to  save  the  dam  unless  we  were  to  cut  a 
wasteway  through  the  dam  proper  at  one  end  and  allow  it  to  cut 
away  in  but  one  direction,  and  that  towards  the  center  of  the  dam ; 
but  this  I  would  not  dare  to  do,  for  it  meant  the  positive  destruc- 
tion of  the  dam,  and  the  water  at  the  time  was  almost  at  a  stand, 
owing,  without  doubt,  to  the  large  increase  of  outlet  by  the  over- 
flow on  the  breast,  and  T  hoped  that  it  would  not  rise,  but  yet  ex- 
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pected  it  to  rise,  for  it  had  been  raining  most  all  of  the  morning, 
and  consequently  we  had  more  water  to  expect.  I  hurried  to  the 
club-house  to  get  my  dinner  and  to  note  the  height  of  the  water  in 
the  lake,  and  found  that  it  was  a  little  over  a  stake,  that  from  my 
level  notes  of  a  sewer  T  was  constructing  I  knew  was  7.4  feet  above 
the  natural  lake  level.  I  returnd  to  the  dam  and  found  the  water 
on  the  breast  had  washed  away  several  large  stones  on  the  outer  face, 
and  had  cut  a  hole  about  10  feet  wide  on  the  outer  face  and  about  4 
feet  deep;  the  water  running  into  this  hole  cut  away  the  breast  in 
the  form  of  a  step  both  horizontally  and  vertically,  and  this  action 
went  on  widening  and  deepening  this  hole  until  it  was  worn  so 
near  to  the  body  of  the  water  in  the  lake  that  the  pressure  of  the 
water  broke  through;  and  then  the  water  rushed  through  this 
trough,  and  cut  its  way  rapidly  into  the  dam  at  each  side  and  the  bot- 
tom, and  this  continued  until  the  lake  was  drained.  I  do  not  know 
the  actual  time  it  consumed  in  passing  through  the  breach,  but  it 
was  fully  45  minutes.  It  did  not  take  long  from  the  time  that  the 
water  broke  into  this  trough  until  there  was  a  perfect  torrent  of 
water  rushing  through  the  breast,  carrying  everything  before  it; 
trees  growing  on  the  outer  face  of  the  dam  were  carried  away  like 
straws.  The  water  rushed  out  so  rapidly  that  there  was  a  depres- 
sion of  at  least  10  feet  in  the  surface  of  the  water  flowing  out,  on  a 
line  with  the  inner  face  of  the  breast  and  sloping  back  to  the  level 
of  the  lake  about  150  feet  from  breast,  exactly  similar  to  water  flow- 
ing through  a  rectangular  sluice-way  in  the  side  of  a  trough  with 
the  water  level  far  above  the  bottom  of  the  sluice-way.  When  the 
lake  was  drained  there  still  remained  in  the  bed  of  it  a  violent 
mountain  stream  4  or  5  feet  deep,  with  a  swift  current,  the  combina- 
tion of  the  two  streams  already  alluded  to  from  the  head  of  the  lake 
and  the  many  litle  streams  from  the  adjacent  hills,  which  streams 
were  all  overflowing  their  banks;  this  stream  in  the  bed  of  the  lake 
showed  no  signs  of  diminishing  in  volume  until  late  in  the  follow- 
ing day,  and  was  impassable  with  a  boat  for  several  days. 

"I  need  say  nothing  of  the  character  of  the  dam,  for  it  is  open  for 
inspection  of  those  far  more  able  to  express  an  opinion  than  I.  But 
there  is  one  thing  T  want  to  impress  on  every  one's  mind,  and  that  is, 
that  the  dam  did  not  break,  but  was  washed  by  the  water  passing 
over  it  from  11.30  o'clock  A.  M.  until  nearly  3  P.  M.,  until  the  dam 
was  made  so  thin  at  one  point  that  it  could  not  withstand  the  pres- 
sure of  the  water  behind  it,  and,  the  water  once  rushing  through  this 
trough,  nothing  could  withstand  it." 

The  following  description  of  the  breach  washed  in  'the  embank- 
ment it  contained  in  the  Transactions  of  the  American  Society  of 
Civil  Engineers: 
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."The  breach  in  the  embankment  is  about  24  feet  wide  at  the  top 
and  50  to  200  feet  wide  at  the  bottom,  the  amount  of  earth  and 
stone  in  the  same  being  about  90,000  cubic  yards.  All  the  ma- 
terial put  in  in  1880-81  to  repair  the  breach  of  1862  appears  to  have 
been  washed  out,  together  with  a  part  of  the  old  embankment  made 
in  1851-52.  Some  parts  of  this  old  work  are  exposed  by  the  flood 
and  indicate  that  it  offered  great  resistance  to  washing,  and  that  it 
was  originally  selected  and  put  in  with  the  requisite  care  to  make 
a  sound  embankment.  The  original  construction  of  the  embank- 
ment, as  indicated  by  the  plan  and  specifications,  and  more  particu- 
larly the  mode  of  repairing  the  breach,  may  be  objected  to  as  not 
being  according  to  the  best  practice;  nevertheless,  the  failure  of  the 
dam  cannot  be  attributed  to  any  defect  in  its  construction.  The 
tailure  was  due  to  the  flow  of  the  water  over  the  toji  of  the  earthen 
embankment,  caused  by  the  inefficiency  of  the  wasteway  to  discharge 
the  flood  water." 

The  Committee  which  examined  the  South  Fork  dam  after  its  fail- 
ure went  to  considerable  trouble  in  attempting  to  determine  the  maxi- 
mum rate  of  run-off  in  the  South  Pork  of  the  Little  Conemaugh  River 
at  the  dam  site,  the  conclusion  reached  being  that  this  maximum 
flow  occured  at  about  4  P.  M.  on  May  31st,  and  amounted  to  about 
10,000  cubic  feet  per  second.  This  would  equal  a  run-off  at  the  rate 
of  206  second  feet  per  square  mile  from  the  tributary  drainage  area 
of  48.6  square  miles.  With  regard  to  the  capacity  of  the  waste- 
way,  the  report  of  the  Committee  on  the  South  Fork  Dam  states: 
'^Assuming  the  maximum  flow  into  the  reservoir  to  have  been  10,000 
cubic  feet  per  second,  and  the  waste-way  to  have  been  constructed 
according  to  Mr.  Morris'  specifications,  with  the  other  outlet  at  the 
entrance,  we  estimate  that  the  corresponding  height  in  the  reser- 
voir would  have  been  7.80  feet  above  the  crest  of  the  waste-way,  or 
2.20  feet  below  the  top  of  the  embankment,  as  specified  by  him.  With 
the  five  lines  of  24-inch  sluice  pipes  discharging  to  their  full  capacity 
at  the  same  time  under  70  feet  head,  as  no  doubt  was  originally  de- 
signed to  be  done  in  an  emergency,  we  estimate  the  height  in  the 
reservoir  to  be  7.52  feet  or  2.48  feet  below  the  top  of  the  embank- 
ment. The  height  of  the  embankment  as  constructed  in  1851-53  was 
according  to  Mr.  Morris'  plan  and  specifications.  According  to  our 
method  of  estimating  the  flow  through  the  waste-way  the  discharge 
through  it,  when  free  from  obstruction,  and  the  water  in  the  reser- 
voir just  up  to  the  top  of  the  embankment  as  originally  constructed, 
and  the  sluice  pipes  discharging  to  their  full  capacity  would  be 
6923  cu.  ft.  per  second.  For  the  waste-way  and  sluices  as  constructed 
in  1851-53  to  discharge  7980  cu.  ft.  per  second,  which  we  have  esti- 
mated above  to  have  been  the  flow  into  the  reservoir  at  the  time  of 
the  breach,  the  height  in  the  reservoir  under  the  same  conditions 
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would  be  10.95  feet  above  the  floor  of  the  waste-way,  or  about  1  foot 
above  the  top  of  the  embankment  as  originally  constructed.  For  the 
discharge  of  the  maximum  quantity  entering  the  reservoir,  which  we 
think  was  not  less  than  10,000  cu.  ft.  per  second,  under  the  same  con- 
ditions would  require  a  depth  of  about  10.63  feet 

In  concluding,  we  must  state  that,  while  our  deductions  are  based 
on  our  observations  of  rainfall  and  of  flow,  which  are  necessarily  ap- 
proximate, we  feel  satisfied  that  they  are  not  far  from  the  truth. 
There  can  be  no  question  that  such  a  rainfall  had  not  taken  place 
since  the  construction  of  the  dam.  But  the  surface  of  the  watershed 
is  quite  steep,  and  the  consequent  rapid  discharge  of  a  large  percent- 
age of  the  rainfall  into  the  reservoir  would  require  a  very  large  out- 
let to  prevent  a  dangerous  accumulation.  The  spillway,  however,  had 
not  a  sufficient  discharging  capacity ;  contrary  to  the  original  specifi- 
cations of  Mr.  W.  E.  Morris,  requiring  a  width  of  overflow  of  150  feet 
and  a  depth  of  10  feet  below  crest,  which  would  have  been  a  suf- 
ficient size  for  the  flood  in  the  present  case,  it  had  only  an  effective 
width  of  70  feet,  and  a  depth  of  about  8  feet ;  the  accumulated  water 
rose  to  such  a  height  as  to  overflow  the  crest  of  the  dam  and  caused 
it  to  collapse  by  washing  it  down  irom  the  top.  The  dam  itself,  or 
the  parts  of  it  which  were  left  standing,  showed  undoubtedly  that  it 
was  well  and  thoroughly  built,  and  that  it  would  have  successfully  re- 
sisted the  pressure  of  the  water.  The  exposed  sides  of  the  breaks  show 
distinctly  that  the  compact  layers  of  which  the  structure  was  formed 
were  not  obliterated  by  the  wearing  action  of  the  flood,  and  they 
stand  conspicuous  witnesses  of  the  value  of  an  earth  embankment, 
when  well  built  of  good  materials,  to  impound  large  bodies  of  water." 
The  flood  in  the  Conemaugh  Valley  caused  by  the  rain  of  May 
oOth  and  31st,  and  by  the  failure  of  the  South  Fork  Dam,  caused  a  loss 
of  life  estimated  by  the  Secretary  of  the  Flood  Belief  Commission  on 
June  30th,  1890,  to  have  been  2,142,  while  the  property  loss  was  esti- 
mated at  between  f3,000,000  and  |4,000,000.  Before  the  failure  of 
the  dam  a  portion  of  the  city  of  Johnstown  was  already  inundated  to 
an  unprecedented  extent,  the  water  being  10  feet  deep  in  some  of  the 
streets,  preventing  many  people  from  escaping  from  their  homes, 
when  the  flood  caused  by  the  failure  of  the  dam  reached  the  city.  The 
mass  of  debris  carried  by  the  flood,  consisting  of  houses,  bridges  and 
other  wreckage,  lodged  against  the  railroad  stone-arch  bridge  at  the 
lower  end  of  the  city,  forming  a  barrier,  which  still  further  raised 
the  water  and  floated  other  buildings  from  their  foundations;  much 
of  this  wreckage  later  burned.  The  loss  of  life  and  property  was  the 
most  disastrous  ever  recorded  from  the  failure  of  a  dam.  The  struc- 
ture has  never  been  repaired  or  rebuilt. 
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REPORT 

of  the 

WATER  SUPPLY  COMMISSION  OF  PENNSYLVANIA 

UPON 
THE  FEASIBILITY  OF  CONSTRUCTING  A  STORAGE 

RESERVOIR 

in 

PYMATUNINQ     SWAMP 

CRAWFORD  CO.,  PA. 


Office  of  tbe  Water  Supply  Commission  of  Pennsylvania, 

Harrisburg,  Penna.,  December  31st,  1912. 

To  the  Members  of  the  Senate  and  the  House  of  Representatives,  of  the 
Commonwealth  of  Pennsylvania: 

In  compliance  with  the  provisions  of  the  Act  of  the  General  As- 
sembly, approved  tbe  14th  day  of  June,  191 1,  the  Water  Supply  Com- 
mission of  Pennsylvania  respectfully  submits  its  report  upon  the  feasi- 
bility of  constructing  a  storage  reservoir  in  Pymatuning  Swamp, 
Crawford  County,  Pa.,  and  its  influence  in  regulating  the  flow  of  the 
Shenango  and  Beaver  rivers. 

The  Commission  has  made  a  thorough  topographical  survey  of  the 
swamp,  and  surrounding  area,  plotted  the  same  on  a  scale  of  300  feet 
to  the  inch,  with  2  feet  contour  intervals,  carefully  investigated  the 
proposed  dam  and  reservoir  site,  examined  conditions  along  the  Shen- 
ango and  Beaver  rivers  below  said  swamp,  studied  the  hydrographic 
features  by  means  of  precipitation  and  stream  discharge  records  and 
measurements,  has  prepared  preliminary  plans  of  the  proposed  work, 
has  estimated  the  cost  of  the  project,  and  has  determined  that  the  con- 
struction of  a  storage  reservoir  is  feasible. 

PYMATUNING  SWAMP. 

Pymatuning  Swamp  is  an  extensive  morass  covering  10,400  acres  In 
southwestern  Crawford  County,  at  the  headwaters  of  the  Shenango 
river,  near  the  summit  of  the  divide  between  the  Ohio  river  and  Lake 
Erie  drainage,  its  elevation  being  approvimately  1,000  feet  above  sea 
level.  The  land  immediately  adjoining  the  morass  is  periodically  over- 
flowed and  is  used  chiefly  for  pasture,  while  that  beyond  and  above 
tbe  swamp  level  is  devoted  to  agriculture.    The  greater  portion  of  the 
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swamp  proper  is  densely  overgrown  with  timber  or  brush,  while  much 
of  the  bordering  land  is  forest  covered.  The  population  in  the  pro- 
posed reservoir  area  is  about  250,  equivalent  to  10  persons  per  square 
mile.  Six  square  miles  of  a  total  of  24.7  which  would  be  overflowed 
lies  in  the  State  of  Ohio. 


PREVIOUS  LEGISLATION. 

The  Pymatuning  Swamp  has  been  the  subject  of  considerable  legis- 
lation, principally  with  relation  to  the  drainage  thereof,  and  as  early 
as  February  28th,  1868,  a  resolution  was  passed  by  the  Legislature 
providing  for  "a  survey  and  estimate  of  expense  of  reclaiming  certain 
bodies  of  land  in  the  county  of  Crawford,  known  as  the  Oonneaut  and 
Pymatuning  Marshes,  and  a  report,  with  plans  and  estimates,  of  the 
practicability  and  expense  of  the  same,  to  the  next  Legislature."  This 
survey  was  made  by  Col.  James  Worrall,  a  civil  engineer,  who  re- 
ported favorably,  on  January  28th,  1869.  Nothing  was  done,  how- 
ever, as  the  result  of  this  report. 

The  Legislature  of  1907  passed  an  Act,  on  June  13th,  1907,  by 
which  110,000  was  appropriated  to  the  State  Highway  Department 
with  which  to  make  surveys  of  Pymatuning  Swamp  and  determine 
upon  the  ''best  course  and  method  of  making  channels  for  draining 
the  same  and  improving  the  highways  therein,  to  advertise  for  pro- 
posals and  let  contracts  for  making  such  channels  and  draining  said 
swamp"  ♦  ♦  •  "provided,  however,  that  the  plans  shall  be  ap- 
proved by  the  Water  Commission."  It  further  provided  that  no  por- 
tion of  this  appropriation  should  become  available  "until  the  citizens 
of  said  county  (Crawford)  shall  have  raised  a  like  amount  for  the 
improvement  of  the  highways." 

The  county  having  failed  to  raise  the  money  required  by  the  Act, 
and  no  steps  having  been  taken  by  the  Highway  Department  to  put 
the  same  into  effect  the  1909  Legislature  repealed  the  provision  re- 
quiring the  raising  in  the  county  of  an  equivalent  sum  to  that  ap- 
propriated. 

Following  the  passage  of  this  repealer  the  Highway  Department 
proceeded  to  make  surveys,  and  to  prepare  plans  and  estimates,  and  in 
June,  1909,  submitted  its  plan  for  the  proposed  drainage  of  the  swamp 
to  the  Water  Supply  Commission.  The  Commission  made  an  ex- 
amination of  the  swamp  and  held  hearings  at  which  a  number  of  pro- 
tests were  made  against  the  proposed  drainage,  on  the  ground  that 
the  swamp  was  a  valuable  storage  area  and  helped  to  maintain  the  dry 
weather  flow  of  the  Shenango  river.  The  hearing  disclosed  that  there 
is  a  large  consumption  of  water  from  this  stream,  and  an  insufficient 
flow  therein.  It  also  indicated  the  possible  injurious  effect,  on  the 
communities  down  the  river,  which  might  result  from  the  drainage 
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of  tbe  swamp,  and,  at  the  same  time,  the  possible  advantages  of  con- 
verting the  swamp  into  an  artificial  storage  reservoir  for  increasing 
the  dry  weather  flow.  As  a  result  of  its  investigation  the  Commission 
refused  to  approved  the  plans  as  submitted. 

ACT  OP  1911. 

The  Legislature  of  1911  passed  an  Act,  June  14th,  appropriating 
|10,000  to  the  Water  Supply  Commission,  with  instructions  to  ex- 
amine into  the  feasibility  of  the  reservoir  project  and  to  report  to 
the  Legislature  of  1913,  accompanying  such  report  with  plans  and 
estimates  of  cost.    The  Act  above  referred  to  is  as  follows: 

AN  ACT 

Providing  for  a  survey  of  Pymatuning  Swamp,  and  an  examination 
into  the  feasibility  of  constructing  a  reservoir  therein  to  conserve 
the  waters  draining  into  said  swamp,  and  making  an  appropriation 
therefore. 

Section  1.  Be  it  enacted,  etc.,  That  the  Water  Supply  Com- 
mission of  Pennsylvania  is  hereby  directed  to  survey  the  Pymatun- 
ing Swamp,  in  Crawford  County,  Pennsylvania,  and  lands  con- 
tiguous or  adjacent  thereto,  and  to  examine  into  the  feasibility  of 
constructing  a  dam  or  dams  across  the  outlet  or  outlets  of  said 
swamp,  whereby  the  waters  entering  the  same  may  be  conserved,  to 
regulate  the  flow  of  water  in  the  Shenango  and  Beaver  rivers.  The 
said  Commission  shall  prepare  maps,  plans  and  estimates,  and  re- 
port in  writing  to  the  Legislature  of  one  thousand  nine  hundred 
and  thirteen,  giving  the  results  of  such  survey  and  examination, 
and  such  additional  information  and  recommendations  as  the  Com- 
mission shall  deem  proper. 

Section  2.  That  the  sum  of  Ten  Thousand  Dollars  (|10,000)  or 
so  much  thereof  as  may  be  necessary  be  and  the  same  is  hereby 
specifically  appropriated  to  the  Water  Supply  Commission  of  Penn- 
.««ylvania,  for  the  purpose  of  carrying  into  efl'ect  the  provisions  of 
this  Act. 

APPROVED  the  14th  day  of  June,  A.  D.  1911— O^ohn  K.  Tener. 

EXISTING  CONDITIONS. 

1.  The  present  flow  of  the  Shenango  and  Beaver  rivers  at  numer- 
ous points,  particularly  Sharpsville,  Sharon,  Farrell,  and  New  Castle, 
is  insufficient  to  adequately  supply  the  needs  of  these  communities  and 
their  growth  has  been,  and  will  continue  to  be,  seriously  hampered  un- 
less a  sufficient  water  supply  is  made  available.  The  minimum  stream 
flow  at  Sharon  and  New  Castle  is  approximately  20  and  25  cubic  feet 
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per  second,  respectively,  while  the  total  demand  of  all  the  commtmi- 
ties  and  works  using  the  stream  is  approximately  356  cubic  feet 
per  second. 

2.  Damage  by  floods  at  several  points  along  the  river  has  been 
serious,  notably  at  Sharon  and  New  Castle,  while  agricultural  low- 
lands along  the  entire  stream,  as  well  as  railroads,  highways  and 
bridges,  have  been  injured  or  destroyed. 

3.  The  sanitary  condition  of  the  channel,  where  the  river  passes 
through  the  larger  communities  is  deplorable,  due  to  the  inability  of 
the  stream  at  low  water  to  properly  carry  off  and  dilute  the  sewage, 
manufacturing  refuse,  garbage  and  other  waste  deposited  therein. 

4.  The  Shenango  river  is  little  used  for  water  power  develop- 
ment. In  its  original  condition,  before  its  shores  were  traversed  by 
railroads,  and  its  low  water  flow  depleted,  it  was  a  good  stream  for 
such  purposes,  but  at  present  it  is  of  small  value.  On  the  lower  Beaver 
river  the  fall  has  been  utilized  by  water  power  plants  which  have  de- 
preciated in  value,  condition  and  output,  owing  to  the  low  flow  of  the 
stream  in  summer. 

5.  The  temperature  of  the  water  during  dry  periods,  owing  to 
industrial  use,  become  so  high  as  to  reduce  its  efficiency  for  cooling 
purposes,  for  which  the  stream  is  now  largely  utilized,  resulting  in  a 
decreased  flow  due  to  augmented  evaporation. 

RESULTS  OBTAINABLE. 

1.  Investigation  determined  that  a  portion  of  Pymatuning  Swamp 
and  adjacent  area  can  be  converted  into  a  storage  reservoir  by  con- 
structing an  earthen  dam,  having  an  average  height  of  27  feet,  across 
the  valley  of  the  Shenango  river  near  Turnerville,  approximately  three 
miles  north  of  the  Crawford-Mercer  county  line,  and  that  other  por- 
tions of  the  swamp  may  be  advantageously  drained. 

2.  Such  dam,  with  an  approximate  length  of  2,910  feet,  could  be 
provided  with  a  concrete  spillway  founded  on  rock,  having  its  crest 
at  elevation  1,008  feet  above  sea  level,  the  top  of  the  dam  being  10  feet 
higher.  It  would  overflow,  at  spillway  level,  24.7  square  miles,  or 
15,800  acres,  and  impound  8,182,000,000  cubic  feet,  or  61,204,000,000 
gallons. 

3.  By  drawing  this  reservoir  down  4.3  feet  in  the  average  year, 
and  9  feet  in  the  drvest  vear,  which  would  have  occurred  once  in  the 
past  35  years,  the  low  water  flow  of  the  Shenango  river  at  Sharon, 
can  be  so  increased  that  its  minimum  discharge  will  be  450  cubic  feet 
per  second,  or  290,700,000  gallons  per  day,  while  under  present  con- 
ditions the  extreme  minimum  flow  is  20  second  feet,  or  12,900,000  gal- 
lons. This  increased  low  water  flow  would  be  ample  to  supply  the 
present  demands  of  the  users  of  the  Shenango  and  Beaver  rivers,  and 
would  provide  for  future  growtli. 
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4.  The  proposed  reservoir  wotild  eliminate  any  considerable  con- 
tribution to  floods  from  the  150  square  miles  of  territory  tributary 
above  the  dam,  which  constitutes  one-quarter  of  the  area  above  Sharon 
and  18.7  per  cent,  of  the  area  at  New  Castle. 

5.  The  proposed  reservoir  would  improve  the  sanitary  and  asthetic 
condition  of  the  Shenango  and  Beaver  rivers,  and  of  the  Pymatun- 
ing  Swamp. 

6.  It  would  add  approximately  2,000  primary  horsepower  to  the 
existing  water  power  development  on  the  Beaver  river  between 
Beaver  Falls  and  the  mouth,  where  the  stream  is  partially  utilized, 
but  which,  because  of  the  low  summer  flow  is  now  of  little  value  in 
such  periods,  and  it  would  improve  the  few  small  water  powers  of  the 
Shenango  river  in  operation  above  that  point. 

7.  A  regulated  flo^of  450  second  feet  would  confine  the  tempera- 
ture of  the  river  water  to  small  variations  instead  of  permitting  of  a 
rise  in  temperature  to  140  degrees  F.  (which  it  has  been  frequently 
known  to  reach),  and  would  eliminate  the  large  evaporation  losses 
now  occurring  from  the  overheated  stream. 

8.  The  amount  of  cultivated  land  required  for  the  proposed  reser- 
voir is  2,413  acres,  of  which  448  acres  is  reclaimed  swamp  used  for 
onion  culture.  There  remains  at  the  upper  end  of  the  reservoir,  and 
above  the  proposed  water  surface,  1,482  acres  of  swamp  land  easily 
reclaimable  for  similar  cultivation  and  of  equally  suitable  character 
and  accessibility.  The  farm  land  which  would  surround  the  reservoir 
should  be  increased  in  productivity  by  reason  of  the  rise  in  the  ground 
water  level. 

9.  The  cost  of  the  entire  project,  including  the  acquisition  and 
preparation  of  the  reservoir  area,  and  buildings  thereon,  relocation  of 
roads,  bridges  and  railroads,  and  construction  of  dam  and  regulating 
appliances,  is  estimated  at  approximately  |1,600,000. 

10.  The  Commission  is  of  the  opinion  that  the  construction  of  this 
dam  and  reservoir  would  cause  a  benefit  along  the  Shenango  and 
Beaver  valleys,  more  than  commensurate  with  the  anticipated  cost  of 
the  project  and  that  the  industrial  development  would  be  increased, 
and  also  that  the  communities  in  the  vicinity  of  the  reservoir  would  be 
benefitted  through*  improved  highways,  the  creation  of  an  attractive 
lake,  water  transportation,  and  better  sanitary  conditions. 

PURPOSE  OF  INVESTIGATION. 

Under  the  instructions  given  by  this  Act,  the  Commission  has  pro- 
ceeded to  examine  into  "the  feasibility  of  constructing  a  dam  or  dams 
across  the  outlet  or  outlets  of  said  swamp,  whereby  the  waters  enter- 
ing the  same  may  be  conserved,  to  regulate  the  flow  of  water  in  the 
Shenango  and  Beaver  rivers.'^  It  was  necessary  to  determine  the  need 
for  regulating  the  flow  of  these  rivers,  the  amount  of  regulation  re- 
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quired,  the  amount  of  storage  capacity  which  could  be  obtained,  the 
yield  of  the  watershed,  the  amount  and  character  of  land  and  the 
number  of  buildings  which  would  be  submerged  and  the  roads  and 
railroads  to  be  relocated,  the  nature  of  foundation  for  dam  sites  and 
the  probable  cost  of  the  project,  as  well  as  the  effect  of  the  proposed 
reservoir  upon  the  surrounding  country. 

It  was  also  necessary  to  examine  into  the  feasibility  of,  and  the 
advantages  to  be  obtained  by,  draining  the  swamp  land,  keeping  in 
mind  the  proposed  use  of  this  area  as  a  storage  basin  for  supplying 
the  summit  level  of  the  proposed  Lake  Erie  and  Ohio  River  Ship 
Canal. 


METHODS  EMPLOYED  FOR  INVESTIGATION. 

Following  the  passage  of  the  Act  of  June  14th,  1911,  existing  data 
was  collected  and  studied  and  an  engineering  corps  organized.  The 
general  direction  of  the  work  and  the  organization  of  the  field  corps 
was  placed  in  the  hands  of  the  Enirfneer  of  the  Commission,  Farley 
Gannett,  and  the  responsibility  of  collecting  data  and  general  charge 
of  the  field  work  was  srfiven  to  E.  E.  Haslam,  who  was  experienced  in 
this  class  of  work.  The  field  force  be<?an  surveying  the  reservoir  site 
in  January,  1912,  and  completed  the  same  in  August. 

A  triangulatiou  system  was  established  and  check  levels  were  run 
over  the  territory  to  be  included  in  the  reservoir  survey,  following 
which  a  stadia  survey  was  made,  covering  about  thirty  square  miles. 
This  survey  was  plotted  on  twelve  sheets,  to  a  scale  of  300  feet  to  the 
inch,  with  two-foot  contour  intervals,  a  special  sheet  on  a  scale  of  100 
feet  to  the  inch  being  made  of  the  region  surrounding  the  dam  site. 
Considerable  areas  of  the  swamp  had  never  been  surveyed,  being,  ordi- 
narily practically  impenetrable,  but,  owing  to  the  intensity  cold 
winter  of  1912,  these  areas  were  solidly  frozen  and  were  traversed. 

Rain  gages,  installed  on  the  watershed  at  Linesville  and  Tumer- 
ville,  were  read  regularly  while  the  force  was  in  the  field  and  have 
since  been  maintained.  Experiments  were  also  made  to  determine  the 
probable  evaporation  from  the  water  surface  of  the  reservoir  if  built, 
three  experimental  evaporation  tanks  having  been  erected  at  Lines- 
\dlle  and  in  the  swamp. 

Stream  gaging  stations  were  established  at  Linesville,  Pollock's 
Bridge,  Tumerville  and  Greenville,  on  the  Shenango  river  below  the 
swamp,  at  which  points  the  daily  flow  was  determined,  while  at  the 
stream  gaging  station,  established  in  1909  at  Sharon  meter  measure- 
ments were  made  during  flood  and  low  water  stages  to  perfect  this 
record. 

Ground  water  conditions  were  studied  by  means  of  the  periodic  ex- 
amination of  forty-six  drilled  and  dug  wells  in  and  around  the  swamp. 
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An  estiiiiate  of  the  value  and  cost  of  removal  of  the  standing  timber 
in  the  area  to  be  submerged  was  made  by  the  Forestry  Commission, 
and  a  valuable  report  thereon  was  received  from  that  department. 

In  arriving  at  the  proper  volume  of  regulated  minimum  flow  in 
the  Shenango  river  at  Sharon,  as  large  an  amount  was  provided  for  as 
was  possible  without  causing  excessive  fluctuations  in  the  reservoir,  or 
flooding  a  large  percentage  of  cultivated  land.  The  available  precipi- 
tation and  run-oflf  would  permit  of  river  regulation  at  Sharon  on  the 
basis  of  a  minimum  flow  of  500  cubic  feet  per  second,  but  a  minimum 
of  400  second  feet  is  sufficient  for  present  demands,  and,  if  the  pro- 
ject is  built  in  the  near  future,  that  amount  would  probably  be  all  that 
it  would  be  necessary  to  maintain  at  Sharon,  and  the  reservoir  fluctua- 
tion would  be  reduced.  On  account  of  the  fact  that  at  Sharon,  the 
point  for  which  the  regulation  was  designed,  the  drainage  area  is 
four  times  that  at  the  dam  site,  the  resulting  regulation  will  not  be 
complete,  but  only  occasionally  will  water  be  wasted  over  the  dam. 
The  reservoir  will  fill  every  spring  and  reach,  as  a  rule,  its  greatest 
depletion  in  the  late  fall  or  early  winter.  To  elevate  the  dam  and 
flood  a  larger  area  would  make  the  project  unnecessary  expensive, 
but  if  the  demands  on  the  stream  increase  so  that  more  water  is 
necessary,  it  may  then  be  profitably  obtained  in  that  way. 

The  level  of  the  spillway,  and  hence  the  level  of  the  water  surface 
with  the  reservoir  full,  was  based  upon  the  available  run-oflf,  the  area 
to  be  flooded  and  the  requisite  storage  capacity.  The  capacity  of  the 
reservoir  at  various  levels  was  plotted  and  the  elevation  selected 
which  would  give,  with  moderate  fluctuation,  the  greatest  capacity, 
the  best  regulation  and  flood  the  smallest  amount  of  valuable  land. 
This  spillway  elevation  was  determined  to  be  1,008  above  sea  level, 
and  the  top  of  the  dam  was  placed  ten  feet  higher. 

A  study  was  made  to  determine  the  eflPect  of  the  reservoir  in  retard- 
ing floods,  by  which  it  was  found  that,  on  account  of  its  great  area, 
the  reservoir  could  retain  the  greatest  floods,  even  when  it  was  full, 
and  practically  eliminate  the  floods  flows  from  this  portion  of  the 
watershed. 

Samples  of  the  soil,  at  various  points  in  and  around  the  swamp, 
were  analyzed  by,  and  valuable  information  obtained  from,  the  Penn- 
sylvania State  College  authorities,  to  determine  the  agricultural 
values  of  the  various  portions  of  the  area  to  be  flooded  and  of  the 
lands  which  would  border  on  the  proposed  reservoir. 

Borings  were  made  across  the  site  selected  as  the  most  feasible 
of  the  several  dam  sites  considered,  samples  being  taken  every  five  feet, 
and  preserved  for  study  and  record.  On  the  west  side  these  borings 
reached  rock,  and  on  the  east  side  and  in  the  bottom  land  the  borings 
went  to  a  depth  of  fifty  to  sixty  feet  without  finding  rock. 
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Property  lines  within  and  bordering  the  area  to  be  flooded  were 
located,  and  the  nature  of  the  ground,  whether  swamp,  timber,  pasture 
or  cultivated  land  noted.  The  assessed  valuation  of  the  property  and 
buildings  involved  was  determined  from  the  assessors'  books  and  a 
ratio  of  assessed  valuation  to  market  value  obtained. 

To  determine  the  average,  maximum  and  minimum  precipitations, 
and  to  estimate  from  these  the  run-off  from  the  area  above  the  dam 
site,  previous  to  the  installation  of  the  stream  flow  gages,  rainfall  rec- 
ords of  all  adjacent  points  in  Pennsylvania  and  Ohio  were  tabulated 
from  1878  to  date. 

From  the  river  discharge  record  at  Sharon,  the  ratio  of  run-off 
1o  rainfall  for  each  month  was  established  for  1909,  10, 11  and  12,  and 
the  variation  of  run-off  to  rainfall  in  each  month,  based  on  actual  flow 
determined.  The  run-off  by  months  from  1878  to  date,  indicate  two 
periods  of  deficiency,  one  from  1893  to  1898  and  the  other  from  1903  to 
1912;  which,  when  studied  in  detail  showed  the  greatest  deficiency  in 
the  latter  period,  and  all  subsequent  computations  were  based  upon 
this. 

From  the  results  of  evaporation  experiments,  from  June  to  Octo- 
ber, 1912,  inclusive,  the  annual  loss  from  the  water  surface  of  the 
proposed  reservoir  was  estimated.  As  shown  by  the  Greenville 
records,  this  was  an  average  year  of  climatological  conditions  and  the 
evaporation  determined  was  assumed  to  be  the  mean  annual  for  this 
district,  amounting  to  30.9  inches  per  year  from  the  proposed  reser- 
voir surface.  The  run-off  records  indicate  a  mean  loss  of  21  inches 
from  the  ground  surface,  leaving  ten  inches  excess  evaporation  from 
the  water  surface. 

The  variations  in  the  level  of  the  reservoir  surface  that  would  have 
occuired  at  the  end  of  each  month  from  1904  to  date  were  calculated, 
using  as  a  basis  a  draft  sufficient  to  maintain  a  minimum  flow  at 
Sharon  of  450  cubic  feet  per  second.  Information  as  to  the  fluctua- 
tion of  Conneaut,  Chautauqua  and  other  lakes  nearby,  or  similarly 
located,  was  obtained  and  the  variation  of  the  proposed  Pymatuning 
reservoir  in  the  average  year  was  found  to  be  no  greater  than  the 
extreme  fluctuation  of  some  other  large  lakes  notable  as  summer  and 
health  resorts. 

Several  miles  of  highways  and  a  portion  of  the  Pennsylvania  Rail- 
road between  Linesville  and  Espyville,  would  be  submerged  by  such  a 
reservoir  as  proposed  and  it  would  become  necessary  to  relocate  or  ele- 
vate them.  In  determining  upon  the  proper  roads  to  be  provided 
across  and  around  the  reservoir,  the  State  Highway  Department 
was  consulted. 

A  comprehensive  study  was  made  of  the  lower  Shenango  and 
Beaver  rivers,  elevations  of  normal,  low  and  high  water  being  deter- 
mined at  numerous  points,  in  order  that  an  accurate  profile  of  the 
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river  from  the  proposed  dam  site  to  the  Ohio  river  could  be  plotted. 
Flood  damage  was  recorded  where  it  could  be  obtained,  the  con- 
sumption of  water  by  water  companies,  municipal  water  works,  in- 
dustrial plants,  railroads,  etc.,  was  ascertained  and  the  equipment 
and  condition  of  water  power  installations  were  noted. 

WATER  STORAGE. 

Water  storage  for  river  regulation  has  not  been  applied  in  Penn- 
sylvania, but  it  has  been  practiced  for  years  in  other  states  and 
abroad.  In  Maine,  rivers  are  regulated  for  the  benefit  of  water  power 
and  lumbering,  large  storage  being  obtained  at  relatively  low  cost  by 
raising  existing  lakes.  In  New  York  extensive  reservoirs  have  been, 
and  are  being,  built  to  regulate  streams  for  feeding  the  Erie  Barge 
Canal,  while  some  smaller  storage  was  created  several  years  ago  in 
the  Adirondack  region  for  water  power  improvement.  That  state  has 
within  recent  years  made  surveys  to  determine  the  feasibility  of  exten- 
sive storage  for  ri^er  regulation  in  the  interest  of  state  development  of 
water  power  and  navigation.  The  United  States  Government  has  af- 
fected storage  on  the  headwaters  of  the  Mississippi  by  raising  lakes 
and  flooding  swamps  for  the  benefit  of  navigation.  Colorado  and 
other  western  states  have  built  reservoirs  for  stream  regulation  and 
for  irrigation  purposes  and  the  Federal  Reclamation  Service  has  built 
and  is  erecting  large  storage  with  a  similar  object. 

In  Ohio,  funds  have  been  raised  at  Youngstown  for  the  regulation 
of  the  flow  of  the  Mahoning  river,  in  order  to  maintain  a  sufficient 
water  supply  for  that  community  for  domestic  and  industrial  use. 
The  proposed  reservoir  will  have  a  capacity  of  1,270  million  cubic  feet, 
utilizing  the  water  from  a  catchment  area  of  283  square  miles. 

Abroad  certain  German  states  have  built  storage  reservoirs  for 
flood  control  and  drought  relief,  while  the  Belgian  and  French  Gov- 
ernments have  done  similar  work. 

In  Pennsylvania,  reservoirs  have  been  constructed  by  corpora- 
tions for  domestic  and  industrial  water  supply,  but  the  project  con- 
sidered in  this  report  is  the  first  proposed  for  river  regulation  with 
the  exception  of  reservoirs  built  for  supplying  the  old  Pennsylvania 
Canal,  that  built  by  the  City  of  Harrisburg  in  1910  to  regulate  the 
flow  of  Paxton  creek  and  those  proposed  by  the  Flood  Commission 
of  Pittsburgh,  for  flood  control  above  Pittsburgh. 

As  the  demand  for  water  increases  with  population  and  industry, 
and  as  the  stream  flow,  due  to  natural  causes,  continues  to  reach 
lower  proportions,  the  necessity  for  the  regulation  of  the  flow  of 
streams  by  artificial  means  increases.  In  the  Shenango  Valley,  the 
status  of  industrial  development  is  such  that  without  largely  aug- 
mented water  supply,  further  increase  in  population  and  industry 
must  be  slow,  and  in  the  near  future  must  cease.  The  State  has 
wisely  aided  in  the  solution  of  this  problem  by  providing  the  funds 
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for  a  careful  investigation  of  the  feasibility  of  constructing  the 
Pymatuning  reservoir,  and  as  a  result  of  this  study,  the  Commission 
is  assured  of  the  desirability  of  its  construction,  and  the  feasibility 
thereof,  the  resulting  benefits  accruing  to  the  State  at  large,  as  well 
as  to  the  various  communities  along  the  stream. 

COST  OF  STORAGE. 

The  estimated  cost  of  the  Pymatuning  project  is  J1,600,00Q-  for 
which  expenditure  8,182  million  cubic  feet  of  water  will  be  held  in  a 
reservoir,  of  which  volume  it  is  proposed  that  5,060  million  cubic 
feet,  or  60  per  cent,  will  be  available  for  use,  the  balance  to  remain  in 
the  reservoir  to  keep  the  swamp  inundated.  It  is  only  occasionally 
that  a  reservoir  of  any  considerable  extent  is  designed  to  be  com- 
pletely emptied  and  the  unused  capacity  may  be  considered  as  a  fac- 
tor of  safety  as  well  as  a  sanitary  measure. 

The  cost  per  cubic  foot  of  storage  varies  inversely  with  the  pro- 
portions of  the  project,  large  reservoirs  usually  costing  less  per  mil- 
lion cubic  feet  than  small  ones.  The  purpose  to  which  the  reservoir 
is  to  be  devoted,  also  affects  the  design,  and  the  cost;  reservoirs  for 
domestic  water  supply  requiring  costly  preparation  of  the  entire  sub- 
merged area,  expensive  controlling  apparatus,  etc.  The  least  expen- 
sive storage  is  effected  by  raising  existing  lakes,  or  by  submerging 
flat  land  of  little  value ;  and  some  of  the  United  States  Reclamation 
Service  reservoirs  have  been  cheapened  because  the  value  of  the  land, 
being  a  part  of  the  public  domain  is  not  considered. 

The  expense  of  storage  varies  widely,  as  is  illustrated  by  a  com- 
parison of  the  estimated  unit  cost  of  the  Pymatuning  project  with 
other  reservoirs  which  have  been  built  or  proposed.  The  storage  in 
this  reservoir  is  estimated  to  cost  f  191 .00  per  million  cubic  feet,  or 
?25.60  per  million  gallons,  over  40  per  cent,  of  the  outlay  being  repre- 
sented by  value  of  land  and  buildings  required.  The  following  tables 
show  the  location,  capacity  and  cost  of  some  other  reservoirs  for 
domestic  water  supply,  or  for  river  regulation,  fairly  comparable  in 
size  to  the  proposed  Pymatuning  reservoir. 

TABLE  NO.  1. 
Cost  of  Reservoirs  For  Domestic  Water  Supply. 


Name. 


1 

s 

1 

g 

a 

^^ 

(4 

o 

u 

o 

^ 

Bemarks. 


Waachusett,  Mass., 
New  Croton,  N.  Y., 
Ashokan,    N.   Y.,    ... 


8400 

1269  60 

4S00 

970  30 

17000 

7K00 

Maeonry  dam  and  earth  dykes. 
Concrete   dam. 
Estimated— Concrete  dam. 
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TABLE  NO.  2. 
Cost  of  Reseryoirs  For  Riyer  Regulation. 


Nune. 


BemarkB. 


Tonontowii.    Ohio.     

FlttsDorg  Flood  Commission,   Pa.,    . 


DelU,    N.    T.,    

Hunent   Valley.    California. 
'Reservoirs     lor     refulating 

Mississippi   RlTer. 
*Baena    Vista.    California,    .. 
*lnd!an  River,  N.  T.,   


Upper 


1270 
Average   of   17    reser- 
voirs,    total    capacity 
60   biUlon    CQ.    ft. 

2S75 
6100 


7150 
4475 


$790  00  r  Bstimated. 
860  00  .  Estimated. 


836  60 

2»  16 

15  00 

20  20 

18  70 


By    raising   existing   lakes 
and  swamps. 


*Value  of  land  flooded  not  included. 

These  figures  are  sufficient  to  show  that  the  proposed  reservoir 
is  neither  an  expensive  nor  a  particularly  cheap  one,  but  that  its  cost 
is  reasonable  for  the  locality  in  which  it  is  to  be  situated,  when  the 
proximity  of  the  great  industrial  centers  which  it  will  benefit  is  con- 
sidered. The  most  inexpensive  projects  are  usually  located  far  dis- 
tant from  inhabited  localities. 


CONSTRUCTION  AND  OPERATION. 

The  Commission  is  of  the  opinion  that  if  the  Pymatuning  reservoir 
is  built,  those  interests  which  are  directly  benefitted  should  bear  their 
proportions  of  the  expense.  There  are  numerous  prosperous  cities 
and  boroughs,  three  counties  with  large  resources,  many  extensive 
industrial  corporations,  public  service  companies  and  water  power 
users,  all  of  which,  it  is  believed,  should  share  in  the  cost  of  building 
and  maintaining  this  projected  reservoir,  while  the  State  should  have 
supervision  over  its  construction,  and  operation. 

COST  AND  GENERAL  FEATURES. 

The  following  tables  give  a  brief  summary  of  the  estimated  first 
cost  of  this  project,  and  the  cost  of  operation  and  salient  facts  con- 
cerning the  reservoir.  The  structural  features  would  cost  about  54 
per  cent,  of  the  entire  outlay,  and  the  acquisition  and  preparation  of 
the  reservoir  area,  about  46  per  cent.  The  operating  expense  is  ap- 
proximately J100,000  per  year  for  thirty  years,  after  which  the  sink- 
ing fund  and  interest  payments  would  cease,  and  the  annual  charge 
would  be  approximately  |13,500. 
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TABLE  NO.  3. 

Preliminary  Estimate  of  Pymatuning  Reservoir. 

Estimate  of  Cost. 


Item. 


Description. 


A 
B 
C 


D 


Earthen    dam,     

Spillway  and  rogulatlug  works.    . 
Highway    and    railroad    changeM, 


Total    for    dam,    highways    and    railroad,    ... 
Reservoir    site: 

Clearing    reservoir  site   and    Improving    shores, 
I^nd    and    buildings,     


Total   estimated    cost, 


Amount. 


1336, i22 
150,780 
352,050 


59.500 
657,700 


Totals. 


^39.202 

717.200 
11,656,402 


ANNUAL  FIXED  CHARGES  FOR  OPERATION  AND  MAINTENANCE. 

Total  cost  of  dam,  reservoir,  land  and  buildings,  clearing  of 
woods  and  shore  treatment,  rebuilding  and  relocating  roads, 
railroads  and  bridges,    |1»556  400 

Annual  interest  on  this  at  4  per  cent. ,   62,266 

Annual  payment  to  thirty  year  sinking  fund,  earning  4  per  cent.,  26,680 

Taxes,  or  equivalent  payment  in  lieu  of  taxable  property  vacated 

in  townships,  1  per  cent,  on  $254,000,    2,540 

Repairs  and  depreciation  on  perishable  parts  of  dam  and  regula- 
tion works,  5  per  cent,  on  $100,000 6,000 

Operation — one  superintendent,  3  assistants,  including  petty  sup- 
plies and  incidentals,    6,000 

Yearly  fixed  charges,    $102,476 

At  end  of  30  years,   $13,640 


TABLE  NO.  4. 
General  Information  Concerning  the  Proposed  Dam  and  Reservoir. 


Description. 


Amounts. 


Elevation  of  top  of  dam  above  sea  level 

Blevatlon  of  Bow  line  above  sea   level,    

Elevation   of   water   surface   at   maximum   draft,    

Maximum   height   of   dam   as   per   preliminary   design. 
Average  height  of  dam  as  per  preliminary  design,    ... 

Maximum   depth   of  water    at   dam 

Length  of  concrete  spillway,    

Length  of  earthen  dam  on  crest 


Area   of   reservoir   at   flow   line, 

Approximate     length    of     full     reservoir,     

Average   width    of    full    reservoir,     

Maximum     width     of    full     reservoir,     

J^ength    of    shore    line    at   elevation    1008 

Arefi    of    swamp    and    overflowed    land    required. 

Area  of  dry  and   tillable   land   required,    , 

Number    of    houses    submerKed    or    alTectod,     .... 

Number  of  barns  submerged   or  affected 

Improved    and    relocated    highways,     

Track    elevation,     E.    &    P.    Railroad 

Total  capacity  of  reservoir  at  1008  flow  line,    .... 


Maximum  storage  required   to  maintain  450  sec.    ft.   flow  at  Sharon, 

Estimated  cost  jer  mlll'on  cub'o  fct-t  rr»^er\o!r  capaflty 

Estimated   cost   per   million  gallons   reservoir   capacity,    

L.stimated   cost  per  million   cubic   feet  utilised   storage,    

Ertlmated    cost    per    million    gallons    utilized    storage 


1018  feet 

1006  feet 

999  feet 

46  feet 

27  feet 

86  feet 

250  feet 

2910  feet 

24.7  eq.  miles 

16  miles 

1.64  miles 

2.56  miles 

60  miles 

8,943  acres 

8,4S5  acres 

68 

66 

11  miles 

1.70  miles 

8.182,800,000  cu.  ft., 

or  61,204.000,000  gal. 

5,060,000,000  en.  ft.. 

or  37,848.800,000  gal. 

125  60 

$809  00 

$4140 
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FORCE  EMPLOYED. 

The  Commission  expresses  appreciation  of  the  industry  and  ability 
displayed  by  the  force  employed  on  this  work.  The  organization  by 
which  the  surveys,  maps,  plans  and  computations  were  made  was  as 
follows: 


Engineer — ^Water  Supply  Commission,  Farley  Gannett. 

Field   Engineer,    E.    E.   Haslam. 

Assistant  Engineer,   R.  J.  Ferris. 

Instrumentman  and  Draftsman   B.  A.  Knight. 

Office  Engineer R.  C.  Batley. 

Recorder J.  P.  Hannum. 

Statistician *. T.  C.  McCune. 


f  D.  B.  Mackey, 
Byron  Mackey, 
E.  A.  Hathaway, 
Ernest  Thompson, 
R.  McLinton, 

^  Frank  Turner. 

C.  E.  Jewell, 
GAGE  READERS  ^    S.  A.  Marvin. 

Gilbert  Pollock, 


RODMEN 


EXPENDITURES. 


An  account  of  the  expenditures  made  of  the  appropriation  avail- 
able by  the  Act  of  June,  14th,  1911,  P.  L.  288,  under  which  this  work 
was  performed,  is  found  below: 


\ 


Amount  appropriated,    110,000  00 

Salaries  of  Field  Engineer  and  Assistants,    |7,593  71 

Travelling  expenses,  Water  Supply  Commission,..         118  86 

Travelling  expenses,   Field  Force,    1,507  43 

Rent  of  Field  Office 60  00 

Material  and  supplies 168  61 

Postage,    7  44 

Express 18  57 

Telegrams 7  30 

Borings,    250  00 

Photographs,     86  30 

Blue  prints 11  31 

Total,     9.829  53 

Balance  from  appropriation ,    |170  47 
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Detailed  information  upon  which  the  foregoing  repert  is  based  is 
given  in  the  pages  following. 

Respectfully  submitted, 

JOHN  BIRKINBINE,  Chairman, 
FREDERIC  W.  FLEITZ, 
THOMAS  J.  LYNCH, 

SAMUEL  G.  DIXON,  Commissioner  of  Health, 
ROBERT  S.  CONKLIN,  Commissioner  of  Forestry. 
WATER  SUPPLY  COMMISSION  OF  PENNSYLVANIA. 
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Detailed  Report 


Data  Collected,  Engineering  Studies  and  Results 
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DETAILED  REPORT. 

INTRODUCTORY. 

In  carrying  out  the  provisions  of  the  Act  of  the  Legislature  of 
1911^  the  investigations,  surveys,  plans,  maps,  calculations,  estimates, 
stream  gagings  and  test  borings  were  made,  so  far  as  time  and  funds 
permitted,  with  the  same  accuracy  that  would  be  required  if  construc- 
tion on  the  project  had  been  ordered.  Such  work  is  necessarily  ex- 
pensive, but  without  it  the  quantity  of  water  available  for  regula- 
tion and  the  cost  of  the  reservoir  project,  within  reasonable  limits, 
could  not  have  been  correctly  estimated.  The  fundamental  basis 
of  the  engineering  research  and  determination  of  the  feasibility  of 
the  project,  summarized  in  the  foregoing  report,  will  be  found  in 
the  following  detailed  description. 


<«7) 
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DESCRIPTION  OP  SHENANGO  RIVER. 

The  reservoir  project  herein  reported  on  would  affect  a  consid- 
erahle  regulation  in  both  the  Shenango  and  Beaver  rivers,  and  it  is 
pertinent  to  describe  the  location  and  principal  features  of  these 
two  streams,  their  valleys  and  also  the  reservoir  area. 

The  Shenango  river,  which  flows  into  the  Ohio  river  by  way  of 
the  Beaver  river,  25  miles  below  Pittsburgh,  is  one  of  the  largest 
and  most  important  streams  of  that  part  of  the  State,  its  lower 
valley  being  industrially  active  and  supporting  a  dense  popula- 
tion. 

It  rises  in  the  southwestern  part  of  Crawford  County,  thirty-five 
miles  southeast  of  Erie,  and  about  five  miles  southwest  of  Conneaut 
Lake,  its  ultimate  source  being  the  Phymatuning  Swamp,  which 
lies  in  the  form  of  a  crescent,  about  seventeen  miles  long,  with  a 
maximum  width  of  about  two  miles,  covering  some  sixteen  square 
miles.  The  Shenango  drains  the  western,  and  Crooked  creek  the 
eastern,  section  of  the  swamp,  the  two  streams  flowing  southerly, 
to  meet  at  Greenville,  Mercer  County,  the  latter  stream  having 
previously  joined  with  the  Little  Shenango  river. 

In  Crawford  County  the  Shenango  river  flows  through  a  fairly 
broad  valley,  after  leaving  the  swamp,  with  well  cultivated,  rolling 
hills  on  either  side;  it  is  essentially  an  agricultural  region,  there 
being  a  few  small  industries  in  the  two  boroughs  of  Linesville  and 
Hartstown,  whose  populations,  in  1910,  were  833  and  135,  respect- 
ively. Entering  Mercer  County  the  river  continues  southerly,  the 
character  of  the  valley  and  surrounding  territory  remaining  much 
as  in  Crawford  County,  until  Greenville,  population  5,909,  is 
reached,  where  the  first  evidence  of  extensive  industry,  consider- 
able population  and  water  utilization  appear. 

At  Greenville  the  stream  is  used  by  a  griist  mill  for  water  power 
and,  by  manufacturing  plants  for  industrial  water  supply,  while 
the  Little  Shenango  is  employed  for  the  domestic  supply  of  the  bor- 
ough. Below  and  above  Greenville  the  stream  is  followed  by  the 
Erie  and  Pennsylvania  Railroads,  but  a  short  distance  below  Green- 
ville the  river  enters  the  "Big  Bend,"  where,  in  a  swing  to  the 
east  and  then  west,  the  river  flows  some  seventeen  miles  to  Sharps- 
ville,  the  railroad  cutting  across  the  bend  in  6.5  miles.  In  this 
section  of  broad  and  cultivated  valley  is  probably  the  only  unde- 
veloped and  practicable  waterpower  site  of  importance. 

Sharpsville,  population  3,634,  is  an  active  steel  center,  the  plants 
including  seven  blast  furnaces,  and  the  temperature  of  the  water,  in 
low  and  medium  stages,  is  appreciably  raised  by  use  for  cooling  and 
its  appearance  and  quality  show  plainly  the  effect  of  increasing  den- 
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«ity  of  population  and  industry.  At  this  point  a  large  tributary, 
Pymatuning  creek,  enters  from  Ohio.  From  Sharpsville  to  Sharon, 
4.5  miles  the  river  has  a  narrow  valley  and  steep  banks,  its  southern 
course  being  continued  and  both  blinks  being  followed  by  railroads. 

Sharon,  population  15,270,  and  Farrell,  formerly  South  Sharon, 
population  10,100,  form  a  great  industrial  center  of  this  valley,  in 
which  steel  and  iron  works  of  various  kinds  line  the  banks  for 
miles,  withdrawing  many  million  gallons  of  water  from  the  river 
daily  and  discharging  back  the  heated  water  and  manufacturing 
wastes.  The  two  boroughs  obtain  a  water  supply  from  the  stream 
and  their  sewage,  garbage  and  other  city  wastes  are  deposited 
therein.  Much  of  the  river,  through  these  boroughs,  is  walled  in 
on  both  sides,  bridges  cross  the  stream  and  bars  and  waste  deposits 
obstruct  the  channel.  At  Farrell  Big  Yankee  run,  a  large  tributary, 
enters  from  Ohio  and  at  this  point  the  water  of  the  stream,  in  sum- 
mer, reaches  a  high  temperature,  owing  to  repeated  use,  and  it  is 
discolored  by  industrial  and  city  wastes. 

Continuing  southward  the  stream  is  followed  by  railroads,  close  to 
its  shores,  through  Wheatland  and  West  Middlesex,  population  955 
and  1,157,  respectively,  where  steel  and  iron  works  again  use  its 
waters.  The  banks  are  low  and  the  valley  wide,  with  much  pasture 
and  agricultural  land,  frequently  inundated  by  floods,  until  New 
Castle,  population  36,280,  is  reached,  where  the  third  great  indus- 
trial center  is  located. 

At  New  Castle  the  largest  consumption  of  water  occurs,  and  at 
low  seasons  the  entire  stream  flow  is  re-used  several  times,  with 
corresponding  effect  upon  its  temperature  and  quality.  Here  the 
stream  is  joined  by  its  largest  tributary,  Neshannock  creek,  from 
the  east.  Four  miles  to  the  south  of  New  Castle  the  Shenango  joins 
the  Mahoning  river  from  Ohio,  the  shores  to  this  point  being  largely 
occupied  by  railroads  and  industrial  works.  At  Mahoningtown, 
just  above  the  mouth  of  the  Mahoning  river,  is  a  dam  and  water 
power  development  utilized  by  a  grist  and  flour  mill. 

DESCRIPTION  OP  BEAVER  RIVER. 

The  Shenango  river,  reinforced  by  the  Mahoning  river,  just  below 
New  Castle,  forms  the  Beaver  river,  the  stream  flowing  southward 
and  receiving  one  of  its  largest  tributaries,  Connoquenessing  creek, 
from  the  east,  to  Beaver  Falls,  where,  in  the  five  and  one-half  miles 
to  its  confluence  with  the  Ohio  river,  the  stream  bed  drops  flfty-five 
feet  and  has  been  utilized  at  three  dams,  for  water  power.  Both 
sides  of  the  Beaver  river  are  thickly  populated  and  the  banks  lined 
with  varied  industries  in  the  boroughs  of  Beaver  Falls,  New  Brigh- 
ton, Fallston,  Beaver,  West  Bridgewater,  Rochester  and  others, 
whose  combined  population  is  34,472. 


Shenaago  River  at  Sharon. 
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The  total  length  of  the  Shenango  and  Beaver  rivers,  from  the 
source  of  the  former  to  the  mouth  of  the  latter,  is  approximately 
110.5  miles. 

The  following  table  illustrates  the  relative  size  of  the  tributaries 
of  the  Beaver  and  Shenango  rivers, 

TABLE  NO.  5. 
Drainage  Areas  of  Shenango  and  Beaver  Rivers. 
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The  following  table  indicates  the  slope  of  the  Shenango  and  Beaver 
rivers  from  source  to  mouth. 

TABLE  NO.  6. 
Slope  of  Shenango  and  Beayer  Riyers. 
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DESCRIPTION  OP  PYMATUNING  SWAMP. 

Pymatnning  Swamp  is  an  extensive,  preglacial  lake,  or  river  bed, 
filled  to  a  great  depth  at  some  points  with  glacial  drift,  lying  at  the 
source  of  the  Bhenango  river  and  Crooked  creek,  in  the  southwestern 
part  of  Crawford  County.  Previous  to  the  glacial  epoch,  this  valley 
probably  drained  northward  into  the  Great  Lakes,  but  the  recession 
of  the  glacier  left  its  northern  outlet  blocked  and  the  drainage  turned 
southward ;  the  western  and  largest  portion  by  way  of  the  Shenango 
river  and  the  eastern  through  Crooked  creek. 

The  area  known  as  Pymatnning  Swamp,  comprising  about  10,400 
acres,  consists  of  thiee  distinct  classes  of  land: 

1.  The  morass,  a  sometimes  inpenetrable,  muck  covered,  thickly 
timbered  swamp,  in  the  central  part  of  the  district  adjoining  the 
river  and  its  main  tributaries; 

2.  Territory  submerged  during  considerable  portions  of  the  year, 
and  traversable  at  other  times,  but  which  is  waste  land,  largely  cov- 
ered with  brush  and  timber; 

3.  Land  periodically  flooded,  and  in  some  degree  under  culti- 
vation, but  generally  devoted  to  pasturage  or  covered  with  timber. 

Bordering  these  lands,  which  usually  lie  from  10  to  20  feet  above 
the  river  level,  are  broad,  sloping  fields,  suited  to  and  largely  under 
cultivation.  In  the  vicinity  of  Linesville,  on  the  north  side  of  the 
swamp,  448  acres  of  morass  have  been  reclaimed  by  drainage  ditches, 
and  the  rich,  black  muck  has  been  successfully  devoted  to  onion 
culture. 

The  source  of  the  river  is  at  elevation  1,050  feet  above  sea  level, 
the  stream  falling  30  feet  in  one-quarter  of  a  mile  to  the  swamp 
through  which  it  winds  westward  in  a  narrow  channel,  impassible 
by  boats  owing  to  fallen  timbers,  brush,  and  shallow  depth,  through 
a  tamarack  and  hardwood  forest,  for  nine  miles,  being  joined  in  this 
distance  by  Linesville  creek,  Bennett  run  and  Paden  creek.  It 
thence  swings  southward,  traversing  the  swamp  for  eight  miles, 
emerging  from  the  morass  one-half  mile  below  the  Westford  Bridge, 
at  an  elevation  of  978  feet  above  the  sea,  and  having  an  average  slope 
throughout  the  swamp  of  2.4  feet  per  mile.  Prom  the  upper  end 
of  the  swamp  to  the  Pennsylvania  Railroad  crossing,  the  average 
slope  is  4.3  feet  per  mile  for  5.9  miles  and  from  there  to  Manning 
Bridge  1.65  feet  per  mile.  From  this  point  to  the  dam  site,  9.6 
miles,  the  slope  is  1.2  feet  per  mile.  At  Manning  Bridge  the  total 
area  draining  into  the  swamp  is  110  square  miles,  and  the  wide, 
flat  valley  continues  southward  about  4.2  miles,  receiving  additional 
tributary  drainage,  to  the  proposed  dam  site.  The  lower  portion 
of  the  valley  is  a  gravel  and  clay  filled  plain  from  one-half  mile 
to  2  miles  wide,  the  river  winding  from  side  to  side^  and  skirted  by 


Swamp  In  Reservoir  Site  near  Llnesvllle. 


Reclalmable  Swamp  Land  at  Upper  End  of  ReserToir. 
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marshy,  well  timbered  lands,  subject  to  overflow.  The  morass,  how- 
ever, is  not  in  evidence,  as  the  creek  has  cut  deeply  into  the  soil. 
The  western  portion  of  the  swamp  extends  into  Ohio. 

The  surrounding  highlands  are  gravel  and  clay  hills,  underlain 
with  sandstone,  the  surface  well  cultivated,  sparsely  timbered,  but 
not  highly  productive,  classified  as  the  Volusia  soils,  which  cover  in 
general  the  western  part  of  the  State.  Several  islands  rise  from  the 
swamp,  some  being  occupied  and  cultivated. 

Linesville  borough  is  on  the  northern  border  of  the  swamp  on  the 
sloping  hillside,  and  Hartstown  borough  to  the  south  is  near  the 
eastern  end  thereof.  The  small  village  of  Espyville  lies  directly 
across  the  swamp  and  to  the  south  of  Linesville.  About  opposite 
the  lower  end  of  the  swamp,  and  2.5  miles  west  thereof,  in  Ohio,  is 
the  town  of  Andover,  population  902. 

Three  railroad  lines  supported  in  fills,  and  several  wagon  roads 
cross  the  swamp,  most  of  the  latter  being  impassable  for  portions  of 
each  year,  due  to  the  rise  of  the  water  in  the  swamp,  for  few  are 
elevated  materially  above  its  level. 

POPULATION  IN  THE  SHBNANGO  AND  BEAVER  RIVER  VALLEYS. 

The  valleys  of  the  Shenango  and  Beaver  rivers,  with  the  exception 
of  the  upper  portion  of  the  Shenango  in  Crawford  County,  in  and 
surrounding  the  reservoir  site,  are  among  the  most  active  indus- 
trially and  consequently  among  the  most  densely  populated  of  the 
State.  To  show  the  industrial  activity  of  this  region,  and  the 
consequent  rapid  increase  in  population  therein,  a  comparison  has 
been  made  of  the  increase  in  population  in  this  section  with  that  of 
the  entile  state,  while  to  indicate  the  development  of  that  portion 
of  Crawford  County  surrounding  the  reservoir  site,  similar  data  is 
given. 

The  counties  in  Western  I*ennsylvania  which  will  be  influenced  by 
the  proposed  reservoir,  and  regulated  rivers,  are  Crawford,  Mercer, 
Lawrence  and  Beaver,  and  the  following  statistics  are  submitted. 
During  the  decade  from  1890  to  1900,  the  increase  in  population  in 
the  State  of  Pennsylvania  was  19.9  per  cent,  and  during  the  decade 
from  1900  to  1910  there  was  an  increase  of  21.6  per  cent.  By  referr- 
ing to  Table  No.  7  it  will  be  noted  that  during  the  last  decade, 
Crawford  County  decreased  in  total  population  3.3  per  cent,  while 
its  rural  population  decreased  9.7  per  cent.;  Mercer  County  in- 
creased 35.4  per  cent.,  a  gain  over  the  average  of  the  State  of  13.8 
per  cent.;  Lawrence  County  increased  22.8  per  cent,,  a  similar  gain 
of  1.2  per  cent.,  while  Beaver  County  increased  38.8  per  cent,  or  17.2 
per  cent,  above  the  mean  increase  in  the  State. 

There  has  been  a  decline  in  the  rural  population  of  Crawford 
County  for  the  past  20  years,  a  slight  loss  in  Mercer  County  during 
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the  past  ten  years,  an  increase  of  about  10  per  cent,  in  Lawrence 
County,  while  the  rural  population  in  Beaver  county  has  remained 
about  constant. 

The  urban  population  in  Mercer,  Lawrence  and  Beaver  counties 
has  increased  rapidly  due  to  the  development  of  the  Shenango  and 
Beaver  valleys,  principally  through  its  iron  and  steel  industries. 
The  most  notable  growths  are  in  New  Castle,  which  increased  from  a 
total  population  of  11,600,  in  1890,  to  36,280,  in  1910 ;  Sharon,  from 
7,459  to  15,270  in  the  same  period,  and  South  Sharon,  which  was 
incorporated  in  1901,  and  is  now  known  as  Farrell,  with  a  popula- 
tion of  about  5,000  had  increased  to  10,190  in  the  year  1910.  The 
total  population  in  the  'Shenango  and  Beaver  valleys,  in  the  town- 
ships, boroughs  and  cities  bordering  on  the  Shenango  and  Beaver 
rivers,  with  the  exception  of  the  townships  in  Ohio,  as  shown  by  the 
United  States  Census  of  1910,  was  154,775,  of  which  150,124  were 
located  in  Mercer,  Lawrence  and  Beaver  counties.  The  urban  popu- 
lation in  this  district,  110,436,  increased  about  37  per  cent,  in  the 
last  decade;  while  that  of  the  rural  district,  39,688,  increased  2.6 
per  cent.  The  increase  in  combined  urban  and  rural  population 
from  the  Crawford-Mercer  county  line  to  the  Ohio  river  has  been 
25.8  per  cent. 

In  Crawford  County,  in  the  townships  adjacent  to  the  proposed 
reservoir,  there  were  4.651  people  in  1910,  of  which  968  lived  in  the 
boroughs  of  Harts  town  and  Linesville  and  the  remaining  3,683  scat- 
tered throughout  the  country  districts.  During  the  past  decade 
Hartstown  decreased  27.4  per  cent,  and  Linesville  increased  26.0 
per  cent.;  while  the  rural  population  declined  16.2  per  cent.,  re- 
sulting in  a  reduced  population  of  about  11.3  per  cent,  for  the  com- 
bined townships  and  boroughs. 

The  information  from  which  this  summary  is  made  is  given  in  de- 
tail in  the  following  tables,  taken  from  the  United  States  Census  for 
1890,  1900  and  1910. 

TABLE  NO.  7. 
Population  of  Counties  Along  Shenango  and  Beaver  Riyers. 
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TABLE  NO.  8. 


Summary    of    Population    of    Minor    Civil    Divisions    in    Shenango    and    Beaver 

River  Valleys. 
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IMO. 


+  i6.a 

+  10.S 

+  10.0 

+    1.4 

+  31.0 

+  27.4 
+  10.5 

+  14.0 
-    3.7 

+  53.0 

+144.3 

+    0.5 

+135.8 

+    3.2 

+  a.4 
+  1.4 

-  - 14.4 
--  23.4 
--51.S 

+  22.2 


•Estimated. 
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TABLE  NO.  10. 
Population  of  Townships  Bordering  on  the  Shenango  and  Beaver  Rivers. 


OoontleB. 


PopnUtlon. 


Township. 


1910. 


1900. 


1890. 


Percentage. 
—  ea  Decrease. 
+   ■=   Increase. 


1900 

to 

1910. 


1890 

to 

1900. 


Crawford, 


Lawrence, 


Sadsbory,    

N.   Shenango,    . . 

Pine,   

Conneant 

So.  Shenango,  .. 
West  Shenango, 

Total 

Greene,    

Hempfleld 

West  Salem,    ... 
Pymatnning,    . . . 

Delaware 

Jefferson 

Hickory,    

Shenango 

Total 

Pnlaskl 

Mahoning 

Neshannock,  . . . . 

Union,    

Taylor,    

Shenango,     

North    Beaver, 
Big   Beaver,    ... 
Wayne 

Total 

Big  Beaver,    .... 
North  Sewickley, 

Chippewa,    

Patterson 

Dangherty 

PnUskl 

Brighton,    

Rochester 

Total,    ..... 


880 
687 
889 

1,280 
820 
227 


8.688 

619 
1.088 
1,996 
1  846 
1   L96 

819 
4.668 
1,090 


18,101 

1,606 
8,289 
1,818 
2,626 
1,228 
2,426 
2,877 
1,287 
2.910 

18,911 

1.442 
1.820 
4M 
484 
699 
806 
756 
1.227 


7,678 


758 

711 

336 

1,477 


277 


4,894 


868 
1,838 
1,828 
1,823 

928 
4.865 
1.166 


846 
804 
851 
1,669 
909 
828 


18,479 

1.607 
2,617 
1.080 
2,065 
571 
2,806 
2,245 
1,488 
3,106 


17,677 

1.880 
1,660 
627 
488 
588 
728 
687 
1,661 


7.609 


4.796 

762 
961 

2,043 
•1,800 

1,480 
982 

8.639 

1.140 


12,797 

1.609 
2,079 
1,171 
1,445 
1.374 
2,004 
2.086 
1,647 
1.787 


16,101 

1,487 

1,154 

671 

629 


1,196 
778 
925 


6,64i: 


—  16.2 


—  2.8 


+  7.6 


+  0.9 


—  8.4 


+  6.8 


+  16.4 


+  14.6 


•Sstlmated. 
ASSESSED  PROPERTY  VALUATION. 

•In  reasonably  inexpensiye  and  efficient  water  storage  projects  it 
will  be  found  that  the  reservoir  is  usually  located  i^  a  section  of  low 
land  yalues,  sparse  population  and  few  industries,  while  the  district 
receiving  the  most  benefit  through  the  regulation  effected  is  of  an  op- 
posite character.  Thus  the  smaller  the  population  and  the  lower 
the  value  of  land  in  and  about  the  reservoir  site,  the  less  the  pro- 
ject costs  per  unit  of  volume;  and  the  more  dense  the  population 
and  higher  the  value  of  land  and  industries  along  the  regulated 
stream  below  the  reservoir,  the  greater  the  resulting  benefit. 

The  Pymatuning  project  exhibits  these  factoids  in  a  striking  de- 
gree, as  shown  by  the  following  tables,  which  give  the  assessed 
valuation  of  the  townships  in  and  surrounding  the  swamp,  and  the 
boroughs  adjacent  thereto,  together  with  the  assessed  valuation 
of  townships,  boroughs  and  cities  along  the  Shenango  and  Beaver 
rivers  below  the  dam  site. 
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The  total  assessed  value  of  the  boroughs  and  townships  in  the 
reservoir  district  is  |4,071,841,  while  that  of  those  below  in  the  dis- 
trict to  be  benefitted  as  f6vS,007,527,  or  over  16  times  as  great. 
The  value  of  incorporated  places  adjacent  to  the  swamp  is  |194,740, 
and  that  of  the  boroughs  and  cities  on  the  Shenango  and  Beaver 
rivers  is  |50,503,334,  or  over  250  times  as  much. 


TABLE  11. 

Assessed  Valuation  of  Cities,  Boroughs  and  Townships  Bordering  the  Shenango 

and  Beaver  Rivers  in  Ohio  and  Pennsylvania. 

RESERVOIR  DISTRICT. 


5 

i 

u 

B 

V^ 

^ 

state. 

Oonnty.    . 

Name  of   City,    Borough   or 

§8 

g 

Towastaip. 

S5 

1^ 

m 

l3 

1 

> 

> 

H 

Ohio 

Ohio 

Ohio. 

Total, 

Pennsylvania,  . 

Pennsylvania,  . 

Pennsylvania,  . 
Pennsylvania, 

Pennsylvania,  . 

Pennsylvania,  . 

Pennsylvania,  . 

Total 

Grand  total,   ... 


Ashtabula, 
Ashtabula, 
Ashtabula, 


Crawford, 
Crawford, 
Crawford, 
Crawford, 
Crawford, 
Crawford, 
Crawford, 


Richmond,  . . 
Andover,  .... 
Willlamsfleld, 


Pine,  

LineaviUe,  . . . 
Conneant,  . . . . 
N.  Shenango, 
S.  Shenango, 
W.  Shenango, 
Sadsbuiy,  . . . . 


$194,740 


$194,740 
$194,740 


$614,108 
<2S,488 
840.475 

$1,978,221 

109,780 

"**K9,'885 
881,905 
870,560 
118,880 
408,470 

11.898,880 

$8,877,101 


$1,978,221 


$2,  on,  620 
$4,071,841 


Shenango  and  Beaver  River  District 


l^tal. 


Penndylvanla,  . 

Pennsylvania,  . 

Pennsylvania,  . 

Pennsylvania,  . 

Pennsylvania,  . 

Pennsylvania,  . 

Pennsylvania,  . 

Pennaylvanla,  . 

Pennsylvania,  . 

Pennsylvania,  . 

Pennsylvania,  . 

Pennsylvania,  . 

Pennsylvania,  . 

Pennsylvania,  . 

Pennsylvania,  . 

Pennsylvania,  . 


Mercer, 
Mercer, 
Mercer, 
Mercer, 
Mercer, 
Mercer, 
Mercer, 
Mercer, 
Mercer, 
Mercer, 
Mercer, 
Mercer, 
Mercer, 
Mercer, 
Mercer, 
Mercer, 


Green,     

Jamestown,    

Hempfleld,    

Greenville,    

West   Salem,    ... 
Pymatuning,    . . . . 

GlarksviUe,    

Delaware,    

Jeflterson 

Hickory,    

Sharpsville 

Sharon,    

Farrell,    

Wheatland 

Shenango 

West  Middlesex. 


$228,900 
'2^2781460 


1,742,415 
6,682,929 
5,989,486 


662,460 
$17,478,090 


$881,451 

"eoi.'iw 

""838,777 
9M.894 


479,977 
1,696, 4«L 


405.896 
664,408 


$6,647,188 


•  ••■••  M I 


$24,080,278 


Pennsylvania, 
Pennsylvania, 
Pennsylvania, 
Pennsylvania, 
Pennsylvania, 
Pennsylvania, 
Pennsylvania, 
Pennsylvania, 
Pennsylvania, 
Pennsylvania, 
Pennsylvania, 
Pennsylvania. 
Pennsylvania, 
Pennsylvania, 

Total,... 


Lawrence, 
Lawrence, 
Lavirrenoe, 
Lawrence. 
Lawrence, 
Lawrence, 
Lawrence, 
Lawrence, 
Lawrence, 
Lawrence, 
liawrence, 
Lawrence, 
Lawrence, 
Lawrence, 


Pulaski 

Mahoning,  

Neshannock,    . . . . 
New  Castle,    .... 

Union,     

Taylor,    

Mahoningtown,    . 

Shenango.    

N.    Beaver,     

West    Pittsburg, 

Moravia,     

Bast  Moravia,   .. 

Big  Beaver 

Wayne 


$16,872,868 
902,'696 


$17,776,664 


$790,082 


644,190 


688,469 
4S8.M1 


684,689 
1,406,889 


510,671 
661,660 

$6,496,917 


$84,278,471 
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Shenango  and  Bearer  Rirer  District — Continued. 


state. 


Name  of   City.    Borough   or 
Township. 


• 

• 

B 

1* 

^ 

II 

uatlon 
hip. 

«o 

«* 

> 

► 

Penn^lTania, 
Pennflylrania, 

PeDDsylvania* 
PenacylTanla, 
Pennaylyania, 
Pennflylrania, 
PennajlTania, 
Pennsylvania, 
P»nnsylyania, 
PennsyWania. 
PennaylTania, 
Pennsylvania, 
PennsyWania, 
Pennsylvania, 
Pennsylvania. 


Beaver, 
Beaver, 
Beaver, 
Beaver, 
Beaver, 
Beaver, 
Beaver, 
Beaver, 
Beaver, 
Beaver, 
Beaver, 
Beaver, 
Beaver, 
Beaver, 
Beaver, 


Big  Beaver 

N.   Sewlckley 

Chippewa,     

Patterson,    

Patterson  Heights, 

Daogherty 

Polaskl,    

Brighton,     

Rochester 

Beaver  Falls 

New  Brighton,  .... 

Fallston,    

West  Bridgewater, 

Bochester,   

Beaver,    


Tiotal 

Grand  total  of  Mercer,  Lawrence  and  Beaver  counties, 


1679,694 
687,744 
880,140 
201.266 

•«••*•■••■ 

""isis.'soe 

889.019 
229,669 
604,188 
688,489 

4.963,670 
8,685,060 
848,707 
440,006 
2,909.780 
2,814,166 

816,264,690 

160,606,384 

18,460,098 
817,614.198 

o 


818,714.788 
168.007,687 


CONSUMPTION  OF  WATER  FROM  SHENANGO  RIVER. 

A  census  of  the  domestic  and  industrial  use  of  water  from  the 
Shenango  river,  from  Greenville  to  its  junction  with  the  Mahoning 
and  of  the  Beaver  river,  taken  for  this  report,  in  the  fall  of  1912, 
indicated  a  draft  upon  this  stream  of  extraordinary  proportions,  due 
to  activity  along  industrial  lines.  It  was  found  that  the  total 
volume  of  water  drawn  from  this  river,  from  its  source  to  the  mouth, 
is  230,000,000  gallons  per  day,  or  at  the  rate  of  2,090  gallons  per 
capita  daily  for  the  population  of  the  boroughs  and  cities  border- 
ing the  stream,  equivalent  to  two-thirds  of  the  quantity  of  water 
claimed  to  be  used  by  the  City  of  Philadelphia,  which  has  a  popula- 
tion of  one  million  and  one-half,  and  approximately  three  times 
the  present  consumption  of  the  Greater  Pittsburgh  municipal  works. 
The  total  consumption  is  at  the  rate  of  three  hundred  and  fifty-six 
cubic  feet  per  second,  or  eighteen  times  the  minimum  stream  flow 
recorded  at  Sharon  and  about  thirteen  times  the  minimum  flow  re- 
corded at  New  Castle.  The  greater  portion  of  this  water,  after  being 
used,  is  returned  to  the  stream  to  be  repeatedly  pumped  therefrom, 
used,  and  returned.  During  the  low  water  periods  of  1908-9  and  10 
the  large  industries  were  running  below  their  full  capacities,  re- 
quiring only  a  fraction  of  their  full  demands,  but  under  these  con- 
ditions the  flow  prov^  entirely  insuflficienrt:  and  shut-downs  of 
greater  or  less  duration  were  necessary.  At  the  time  the  above  men- 
tioned census  was  taken,  the  plants  were  generally  running  to  their 
full  capacities  and  the  figures  represent  probably  the  present  full 
demand. 
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Table  No.  12  shows  the  use  of  water  from  the  Bhenango  by  mnni- 
cipal  water  supply  companies. 

TABLE  12. 
Domestic  Use  of  Water  From  the  Shenango  Riyer. 


PUce. 


SharpBYllIe, 

Sharon,    

New  Castle, 

Total, 


Oallona  per  24 
hoon. 


soo.ooo 

1,700.000 
t,M9,W0 


S,  MO,  000 


Oreenville,  which  lies  at  the  mouth  of  the  Little  Shenango,  obtains 
its  supply  from  that  stream. 

The  present  daily  consumption  of  water  for  domestic  use  in 
Sharpsville,  Sharon,  Farrell  and  New  Castle,  based  on  the  data 
shown  in  the  above  Table  12,  is  about  eighty-five  gallons  per  capita 
and  if  the  entire  urban  population  from  Jamestown  to  New  Castle  in 
1910  had  secured  its  domestic  supply  from  the  Shenango  river,  the 
consumption  for  that  purpose,  on  the  basis  of  eighty-five  gallons  per 
capita,  would  have  been  approximately  6,500,000  gallons  daily. 
The  probable  consumption  in  the  year  1920,  assuming  the  same  rate 
of  increase  in  population  as  occurred  between  1900  and  1910,  would 
be  8,200,000  gallons  daily  for  a  probable  population  of  about  96,000. 
The  water  companies  which  supply  these  towns  furnish  a  consider- 
able volume,  in  addition  to  that  required  for  domestic  use,  to  the 
smaller  industries,  thus,  at  Sharon  and  Farrell  140,000  gallons,  and 
at  New  Castle  671,000  gallons  per  day  are  supplied  for  industrial 
purposes. 

The  domestic  supply  of  water  reaches  insignificance  when  com- 
pared with  that  pumped  directly  from  the  river  for  industrial  use,  by 
the  manufacturing  companies  themselves,  as  appears  1^  the  follow- 
ing table: 


TABLE  13. 
Industrial  Use  of  Water  From  the  Shenango  River. 


Place. 


LinesTille  to  Greenville,   inclasive 

SliarpaTlUe,    

Sharon,    

Farrell,    

Wheatland   to   Middlesex 

New  Cattle,   West  Pittsburg  and  Crescentdale. 

Total 


QaUona  per  M 
tMnirv.  . 


•0. 


&7,86B.0» 
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In  addition  to  the  above,  record  has  been  obtained  of  a  congomp- 
tion  of  1,150,000  gallons  for  industrial  use,  pumped  from  drilled 
wells  and  a  small  portion  of  the  industrial  consumption  is  obtained 
from  dug  wells,  adjacent  to  the  stream.  Some  of  the  industries  at 
New  Castle  obtain  their  water  from  Neshannock  creek  in  addition 
to  that  above  noted.  The  probable  demand  for  water  from  the 
Shenango  river  for  industrial  use,  in  the  year  1920  is  estimated  to  be 
approximately  280^000,000  gallons,  or  about  436  cubic  feet  per 
second.  It  is,  therefore,  reasonable  to  expect  that  there  will  be  re- 
quired for  industrial  and  domestic  use,  along  the  Shenango  river, 
ten  years  hence,  a  daily  demand  of  about  290,000,000  gallons,  or 
about  450  cubic  feet  per  second. 

With  the  minimum  flow  in  the  Shenango  river  at  Sharon  so  r^u- 
lated  that  at  no  time  would  it  decrease  below  450  cubic  feet  per 
second,  the  consumption  from  this  stream  would  be  amply  provided 
for.  Under  present  conditions  the  industries  at  SharpsvUle,  Sharon, 
Parrell  and  New  Castle  withdraw  practically  the  entire  flow  of  the 
stream  for  considerable  periods,  each  summer,  and  turn  it  back 
high  in  the  temperature  and  manufacturing  wastes,  for  the  use  of 
the  next  consumer.  With  the  larger  flow  available^  and  only  a  frac- 
tion of  it  abstracted  at  any  one  point,  the  temperature  of  the  water 
will  remain  lower  and  the  quality  higher  than  under  present  condi- 
tions, and  its  efficiency  and  usefulness  for  industrial  purposes, 
and  its  purity  and  facility  of  filtration  for  domestic  use  will  be 
increased. 

CONSUMPTION  OP  WATER  PROM  BEAVER  RIVER. 

The  minimum  flow  of  the  Beaver  river  is  approximately  200  cubic 
feet  per  second,  and,  owing  to  the  absence  of  large  industrial  con- 
sumers, the  demand  on  the  stream  is  smaller  than  that  in  the  She- 
nango valley.  Hydraulic  power  is  used  when  available  for  pumping 
purposes  by  water  companies,  hence  the  power  feature  is  an  im- 
portant one  in  the  water  supply  problem.  The  total  consumption 
for  industrial  and  domestic  purposes,  in  the  Beaver  Falls  district, 
is  approximately  6,000,000  gallons  per  day,  of  which  approximately 
4,000,000  gallons  is  pumped  from  the  stream  by  the  water  companies. 
In  this  district  about  200,000  gallons  of  water  is  pumped  daily  by 
industrial  plants  from  drilled  wells,  and  375,000  gallons  per  day  is 
purchased  by  industrial  plants  from  the  *water  companies. 

PliOOD  CONDITIONS. 

The  greatest  benefit  to  be  derived  by  the  State  and  by  the  She- 
nango and  Beaver  valleys,  from  the  construction  of  this  reservoir, 
will  be  in  the  increased  domestic  and  industrial  supply,  rather  than 
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through  flood  control,  for  the  two  purposes  require  ditferent  applica- 
tion of  the  impounded  water.  A  full  reservoir  is  best  for  domestic 
supply;  an  empty  reservoir  may  be  required  to  hold  back  a  flood, 
but  the  purposes  may  be  combined  so  that  the  supply  for  domestic 
and  industrial  use  may  be  secured  and  at  the  same  time  the  floods 
materially  reduced.  A  reservoir  for  increasing  the  low  flow  may 
require  a  greater  holding  capacity  than  one,  on  the  same  stream, 
designed  for  flood  prevention. 

A  study  of  tlie  influence  of  the  proposed  reservoir  upon  flood  con- 
ditions in  the  Shenango  river  at  and  below  Sharon,  made  from  stream 
measurements  collected  during  the  year  1912,  demonstrated  that  the 
reservoir  would  reduce  a  flood  of  10,000  cu.  ft.  per  second  at  Sharon, 
corresponding  to  an  eleven  foot  gage  height,  in  an  amount  varying 
from  .8  foot  to  1.3  feet,  depending  on  the  condition  of  the  ground 
water  in  Pymatuning  Swamp  and  the  contributary  area.  A  thir- 
teen foot  gage  height  at  Sharon,  which  represents  a  flood  of  14,000 
cu.  ft.  per  second,  would  be  reduced  from  1.07  feet  to  1.72  feet,  and 
the  maximum  flood  which  occurred  at  Sharon  on  May  18,  1893,  dis- 
charging 18,100  cubic  feet  per  second  would  have  been  reduced  about 
2  feet. 

The  flood  of  1893  was  nearly  equaled  in  1910  and  greater  freshets 
may  be  expected.  These  reductions  in  flood  heights  would  I'educe 
the  damage  in  the  cities,  and  to  tlie  railroads,  industries,  farm  lands, 
bridges  and  roads  in  the  Shenango  Valley. 

SANITARY  CONDITIONS. 

Where  the  Shenango  and  Beaver  rivers  pass  through  the  larger 
centers  of  population  they  i^ceive  the  unpuritied  sewage  and  trades 
waste  thereof,  the  direct  discharge  from  scores  of  private  sewers,  gar- 
bage, offall  of  various  kinds,  and  city  wastes,  so  that  when  the  stream 
flow  decreases,  the  dilution  of  this  debris  becomes  less  until  a  'con- 
dition of  gross  pollution  is  often  reached.  This  condition  becomes 
so  aggravated  in  seasons  of  drought  at  Sharon  and  New  Castle  hav- 
ing a  large  foreign  population  who  have  not  yet  entirely  accustomed 
themselves  to  American  standards  of  sanitation,  as  to  become  offen- 
sive. In  the  pools  above  dams  and  in  other  slack  portions  of  the 
stream  these  conditions  are  particularly  noticeable.  During  dry 
periods  considerable  portions  of  the  exposed  river  bottom  become 
littered  with  decomposing  animal  and  vegetable  matter,  either  left 
by  the  receding  water  or  thrown  in  from  the  shores. 

At  Greenville,  in  summer  and  early  fall,  little  or  no  water  is  pass- 
ing over  the  dam,  all  of  it  either  leaking  through  or  passing  into  the 
stream  by  way  of  the  mill  and  tailrace,  exposing  the  stream  bed  be- 
low the  dam  for  a   considerable  distance.     Analyses  of  the   river 
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water  at  Sharon,  West  Pittsburgh,  New  Castle,  Eastvale  and  New 
Brighton,  invariably  indicate  Bacilli  Coli  usually  in  large  numbers, 
showing  gross  pollution. 

With  the  proposed  reservoir  in  operation  this  would  be  changed; 
the  normal  channel  would  be  filled  at  all  seasons,  sewage  would  be 
better  diluted,  the  current  reasonably  rapid  and  debris  and  wastes 
flumped  or  thrown  in  the  stream  bed  would  be  quickly  carried  away. 
At  Sharon,  the  low  water  level  would  be  increased  1.9  feet,  and  at 
other  points  a  corresponding  improvement  would  be  effected. 

Sanitarians  estimate  that  six  cubic  feet  i^er  second  will  dilute  the 
unpurified  sewage  of  1,000  inhabitants  to  such  an  extent  as  to 
l)revent  nuisance.  With  25,000  people  at  Sharon  and  Farrell,  if  all 
were  connected  with  the  sewers,  there  would  have  to  be  at  least 
150  cubic  feet  per  second  flowing  to  properly  dilute  the  sewage, 
whereas  the  minimum  flow  falls  to  20  second  feet,  continuing  below 
100  second  feet  for  weeks  at  a  time  and  with  the  regulated  minimum 
of  450  second  feet  the  discharge  of  the  sewage  from  three  times  the 
present  population  would  be  well  diluted.  Similar  improvement 
would  result  at  New  Castle,  and  along  the  lower  Beaver  river  where 
the  flow  is  now  insufficient  for  proper  dilution. 

Most  of  the  large  boroughs  and  cities  along  this  stream  have  been 
ordered  by  the  State  Health  Department  to  prepare  plans  for  sewage 
purification  plants,  and  it  is  not  considered  that  this  reservoir  would 
relieve  them  of  this  necessity.  Sharon,  Sharpsville,  New  Castle 
and  the  towns  along  the  lower  Beaver  River  all  use  the  river  for 
their  water  supply.  The  companies  supplying  these  towns  filter 
the  water  and  on  account  of  its  condition  the  operation  of  their 
plants  is  expensive.  With  the  increased  flow  due  to  reservoir  regula- 
tion, the  concentration  of  impurities  and  germs  in  the  water  would 
be  less,  the  operations  of  filtration  plants  would  be  reduced  in  cost 
and  their  efficiency  increased. 

WATER  POWER. 

The  increase  in  the  dry  weather  flow  of  the  Shenango  and  Beaver 
rivers,  would  benefit  the  existing  water  powers  thereon. 

The  populous  and  flourishing  communities  in  the  Shenango  and 
Beaver  Valleys  below  Greenville  ofl'^r  an  attractive  market  for  nearby 
power  which  might  be  obtained  from  these  two  streams,  but  the  nat- 
ural dry  weather  flow  is  so  small  and  continues  over  such  extended 
periods  that  little  power  has  been  developed.  Dense  population, 
numerous  railroads  and  many  industries  which  line  the  banks,  pre- 
clude extensive  development  of  this  stream,  which  might  be  war- 
ranted if  its  flow  was  regulated  by  artificial  means,  but  the  present 
water  power  installations  can  be  increased  and  some  new  power 
created  if  regulation  is  effected. 
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DEVELOPED  WATER  POWERS  OF  SHENANGO  RIVER. 

At  Jamestown,  Mercer  County,  three  miles  below  the  proposed 
dam  site,  a  small  grist  mill  develops  water  power  under  a  head  of  5.«5 
feet,  for  grinding  flour  and  grain,  the  dam  being  5.0  feet  high. 

At  Greenville,  a  flour  and  feed  mill  is  operated  by  water  power 
from  the  Shenango  river  and  Little  Shenango  combined,  the  dam 
being  9.6  feet  high,  and  the  total  head  10^  feet  Two  turbines  are  in- 
stalled having  a  total  capacity  of  145  horsepower,  under  full  load, 
and  a  gasoline  auxiliary  is  in  use  much  of  the  time  during  the 
summer  months. 

At  New  Hamburg,  about  10  miles  below  Greenville,  and  above 
what  is  known  as  the  "Big  Bend  of  the  Shenango,"  there  is  a  flour 
and  feed  mill,  which  was  rebuilt  in  1911,  and  obtains  water  from  a 
dam  2.5  feet  high  to  drive  a  turbine,  operating  under  a  head  of  6.0 
feet,  and  developing  50  horsepower.  This  mill  has  no  auxiliary  plant 
and  is  subject  to  a  reduction  in  output  during  dry  weather  and  from 
backwater  caused  by  floods. 

At  Glarksville,  10  miles  above  Sharon  is  a  flour  and  feed  mill 
operating  under  3^  feet  head,  with  a  dam  4  feet  high  and  having  a 
rated  installed  capacity  of  26  horsepower,  obtained  from  2  turbines. 
The  mill  is  subject  to  backwater  from  the  heavy  discharge  of  Pyma- 
tuning  creek,  and  during  extreme  floods  the  water  has  been  about  2 
feet  above  the  mill  flour. 

At  Pulaski,  about  12  miles  below  Sharon,  in  Lawrence  County, 
there  is  a  flouring  mill  operating  under  6.5  feet  head  and  equipped 
with  5  turbines  of  a  total  rated  capacity  of  100  horsepower.  This 
plant  operates  without  reinforcetnent,  but  during  extended  dry 
periods  has  a  reduced  output,  and  during  the  recent  floods  was  dam- 
aged. 

At  Mahoningtown  immediately  above  the  junction  of  the  Shenango 
and  Mahoning  rivers,  and  four  miles  south  of  New  Castle,  a  cun'ed 
dam  420  feet  long  and  4  feet  high  formerly  furnished  power  for  a 
flour  mill,  equipped  with  four  turbines  of  total  rated  capacity  of  160 
horsepower,  under  about  5  feet  head. 

The  above  includes  all  the  present  developments  operated  on  the 
Shenango  below  the  proposed  reservoir,  and  indicates  that  of  a  total 
fall  in  the  stream  from  Jamestown  to  the  Mahoning  river,  of  105 
feet,  only  37.0  feet  or  35%  is  developed  for  water  power  purposes. 
The  aggregate  installed  capacity  of  these  plants  is  500  horsepower, 
and  their  combined  minimum  output  does  not  exceed  75  twenty-four 
hour  power.  All  of  these  mills  are  used  for  grinding  grain,  or  other 
produce  of  the  farm,  and  none  of  them  take  advantage  of  the  adja- 
cent market  for  electrical  power  and  light. 
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UNDEVELOPED  WATER  POWER  OF  THE  SHENANGO  RIVER. 

The  wide  meadow  and  swamp  lands  bordering  the  Shenango  river 
flanked  by  comparatively  high  bluffs,  would  have  offered  before  in- 
dustry and  population  rendered  it  impracticable,  opportunities  for  a 
fairly  full  utilization  of  the  water  power  of  this  stream.  One  stretch 
of  the  Shenango  river  offers  opportunity  for  the  development  of  new 
power,  i.  e.,  from  Kidd's  Mill,  below  Greenville,  to  SidePs  dam,  nine 
miles  downstream.  Along  this  stretch  the  stream  sweeps  in  a  curve 
to  the  east  and  thence  back  to  the  west,  bordered  by  bluffs  on  one 
side  and  wide  lowlands  on  the  other.  There  are  no  towns  or  villages 
of  importance  and  the  railroads  instead  of  following  the  long  course 
of  the  river,  leave  the  stream  and  take  a  shorter  route  between  Green- 
ville and  Sharpsville.  The  head  available  is  approximately  32  feet 
and  the  pondage  created  by  a  dam  would  increase  the  low  water  out- 
put. The  market  would  be  Greenville,  Sharpsville,  and  if  necessary 
Sharon,  utilizing  the  total  head  and  with  the  flow  regulated  at  450 
second  feet,  as  proposed  by  the  Pymatuning  reservoir  1,300  pri- 
mary, 24  hour  power  could  be  developed. 

At  the  proposed  Tumerville  dam  there  is  a  possibility  for  operat- 
ing an  intermittent  water  power  under  a  head  varying  from  23  to  31 
feet.  This  power  would  necessarily  be  a  variable  one,  its  output  de- 
pending upon  the  quantity  of  water  needed  to  maintain  the  regulated 
minimum  flow  at  Sharon.  Its  maximum  Output  would  occur  at  the 
time  of  the  minimum  in  the  stream  farther  down  and  might  be  used 
as  an  auxiliary  operated  with  developments  on  the  Shenango  below. 

Most  of  the  grist  mills  on  the  stream  could  be  improved  by  raising 
the  dams  to  obtain  more  pondage  and  higher  head,  while  in  several 
eases  head  and  tail  races  could  be  improved.  By  the  construction  of 
the  Pymatuning  reservoir,  the  available  powers  during  low  seasons 
would  be  increased  and  several  of  these  mills  might  profitably  be  con- 
verted into,  or  combined  with  installations  for  the  development  of 
electricity.  As  shown  by  the  following  table,  the  mills  which  utilize 
the  greatest  head  would  be  most  benefitted. 

TABLE  14. 
Power  Equivalent  of  Regulated  Minimum  Flow. 

Head.  Minimum  Discharge.  Horsepower. 

2  feet,    460  cubic  feet  per  second ,    75 

^  ^eet 450  cubic  feet  per  second,    150 

S  feet 450  cubic  feet  per  second ,    225 

8  feet 450  cubic  feet  per  second 300 

1^  feet,    450  cubic  feet  per  second 375 

12  feet 450  cubic  feet  per  second ,    450 

Estimating  the  annual  benefit  to  the  owner  of  a  water  power  by 
I'eason  of  the  regulation  of  the  stream  flow,  as  approximately  flO.OO 
for  each  added  primary  horsepower  and  assuming  a  benefit  in  trans- 
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forming  intermitteut  to  primary  power  of  f5.00  per  horsepower, 
there  would  result  an  annual  benefit  to  these  properties  with  their 
existing  installations  amounting  to  f2,000.  If  their  turbine  in- 
stallations were  increased  to  utilize  the  entire  regulateii  flow  there 
would  be  a  further  annual  benefit  of  approximately  f8,900.  Addi- 
tional increase  in  value  would  accrue  to  these  water  powers  from 
secondary  power  if  still  further  increase  in  installations  were  made. 

WATER  POWER  OF  THE  BEAVER  RIVER. 

In  the  5^  miles  above  its  mouth,  the  natural  bed  of  the  Beaver 
river  falls  approximately  55  feet,  and  this  stretch  was,  many  years 
ago,  recognized  as  a  source  of  power;  dams  were  built,  water  wheels 
installed  and  an  active  industrial  center  established.  Approxi- 
mately 50  feet  has  been  utilized  by  the  construction  of  three  dams 
at  which  wheels  to  the  total  capacity  of  2,800  horsepower  have  been 
installed.  Power  is  used  for  pumping  water  to  supply  the  towns 
and  villages  on  both  sides  of  the  stream,  for  generating  electricity 
for  lighting  these  towns  and  for  various  manufacturing  purposeti, 
such  as  flouring  mills,  planing  mills,  pottery,  white  lead,  nail  and 
wire  w^orks.  In  recent  years,  with  the  decreasing  volume  of  dry 
weather  flow  these  powers  have  become  of  less  importance  so  that 
the  industries  dependent  upon  them  have  installed  steam  reinforce- 
ment  plants.  One  of  these  dams  has  been  partially  destroyed  by 
recent  floods,  so  that  much  of  the  power  is  now  lost  A  fourth  dam, 
at  which  there  is  no  power  developed,  and  is  located  just  above  the 
mouth  and  is  flooded  by  backwater  from  the  Ohio  river. 

The  dam  at  New  Brighton,  three  miles  above  the  mouth  is  15.5 
feet  high,  500  feet  long,  constructed  as  is  the  lower  dam,  of  timber 
cribbing.  From  this  dam  there  are  two  headraces,  one  on  each  bank 
of  the  stream,  controlled  by  separate  companies.  Various  manu- 
facturing companies  are  utilizing  the  fall  from  the  race  to  the  river, 
the  head  varying  from  15  feet  to  20  feet.  At  times  of  excessive  floods 
in  the  Ohio  river,  water  backs  up  on  this  structure. 

The  Beaver  Falls  dam  one  mile  above  the  New  Brighton  dam  is 
15  feet  high,  and  of  similar  construction  to  the  two  below.  There  is 
but  one  race,  and  tlie  power  is  divided  into  200  shares,  each  said  to 
be  equal  to  about  12  horsepower.  This  dam  has  been  recently  par- 
tially destroyed  and  little  or  no  power  is  being  used  from  it  at 
present. 

At  Eastvale,  5J  miles  above  the  mouth  and  at  the  head  of  the 
rapid  section  of  the  river,  is  a  dam  of  more  recent  construction,  14 
feet  high,  640  feet  long,  at  which  a  total  of  600  horsepower  can  he 
developed  from  the  turbines  installed,  when  sufficient  water  is  avail- 
able. The  power  is  devoted  entirely  to  pumping  water  for  domestic 
and  industrial  supply. 
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The  maintenance  of  a  flow  of  450  second  feet  at  Sharon  would 
insure  a  minimum  flow  available  for  power  purposes  along  this 
stretch  of  the  Beaver  river  of  approximately  650  cubic  feet  per 
second.  Of  the  65  feet  available  fall,  these  dams  and  their  races 
have  developeil  approximately  50  feet  and  the  records  indicate  that 
a  total  installation  of  2,800  horsepower  was  in  partial  use  previous 
to  the  injury  to  the  second  dam.  The  minimum  flow  used  at  .a  head 
of  50  feet  would  furnish  2,730  continuous  horsepower  as  against  the 
l»resent  minimum  output  of  about  840  horsepower.  On  the  same 
liasis  as  that  used  above  in  connection  with  the  improvement  of  the 
Shenango  river  powers,  the  improvement  of  the  minimum  flow  would 
benefit  these  powers  f  9,500  per  year.  The  proposed  regulation  would 
transform  these  powers  from  a  present  small  value,  except  that  at 
the  upper  dam,  into  a  valuable  primary  power,  augmented  by  a 
secondary  power  good  for  six  months  in  the  year  of  approximately 
12,000  horsei)ower  of  such  evident  value  that  it  would  be  developed 
and  would  be  an  asset  to  that  community. 

TEMPERATURE  OF  RIVER  WATER. 

The  extensive  and  repeated  use  of  the  water  of  the  Shenango  river 
for  cooling  purposes,  by  the  various  steel  mills  along  its  course,  re- 
sults in  raising  its  mean  annual  temperature  above  that  of  the  air, 
and  iluring  the  season  of  low  flow  a  diminution  in  the  supply  avail- 
able for  domestic  and  other  uses  results  from  the  abnormal  evapora- 
tion which  takes  place  at  such  times.  Experiments  on  evaporation 
carried  on  in  Pymatuning  Swamp  showed  that  the.  water,  during 
-June,  July  and  August,  1912,  averaged  two  degrees  cooler  than  the 
air  and  that,  under  these  conditions,  the  annual  evaporation  was  30.9 
inches  in  depth  from  the  water  surface.  Records  of  stream  tempera- 
ture below  Farrell,  taken  during  1909  showed  an  average  during 
these  months  23.4  degrees  hotter  than  the  air,  so  that  the  evapora- 
tion and  consequent  reduction  in  volume,  from  this  sluggish  stream, 
was  considerable.  Increasing  the  flow  in  the  river  by  the  proposed 
reservoir  would  prevent  the  present  rise  in  temperature  and  con- 
sequent loss  through  evaporation,  effecting  the  conservation  of  the 
water  now  being  lost  in  this  way. 

The  water  of  the  Shenango  river  is  used  principally  for  cooling 
purposes  by  the  numerous  steel  companies.  Each  blast  furnace,  of 
which  there  are  about  a  score  in  the  valley,  requires  from  three  to 
(xve  million  gallons  per  day,  depending  on  the  size  of  the  furnace 
and  upon  the  temperature  of  the  water.  The  plate  and  wire  mills 
also  use  large  quantities  for  cooling.  For  all  the  purposes,  it  has 
been  estimated  that  a  steel  plant  will  use  about  30,000  gallons  of 
water  per  day  for  each  ton  of  output.  The  colder  the  water  the 
gfeater  is  its  efficiency  for  cooling  and  the  greater  is  the  life  of  the 
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equipment,  hence  it  is  essential,  particularly  if  the  available  volume 
is  small,  to  have  its  temperature  low.  Not  only  is  the  water  supply 
to  these  works  extremely  limited  in  summer,  but  its  temperature  for 
months  at  a  time  has  been  found  to  remain  above  ninety  degrees 
Fahrenheit. 

The  temperature  of  the  air  and  of  the  water  at  Sharon  and  New 
Castle  has  been  observed  for  some  time  and  the  results  show  the 
effect  of  the  use  of  the  water,  by  the  steel  works,  upon  its  tempera- 
ture. Under  normal  conditions,  in  this  vicinity,  the  water  in  the 
flowing  streams  remains  cooler  than  the  average  temperature  of  the 
air,  but  the  records  show  that  after  being  used  at  Sharon  and  Farrel 
it  averaged  during  the  year  1910,  16.3  degrees  hotter  than  the  air, 
as  shown  by  Table  No.  15,  the  maximum  monthly  excess  being  36.4 
degrees: 

TABLE  16. 
Monthly  Mean  Temperature  of  Air  and  River  Water  Below  Farrell,  in  1910. 
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The  daily  maximum  temperature  of  the  water  reached  140  degrees, 
and  the  cooling  effected  by  such  water  was  necessarily  small.  It  is 
this  water  that  passes  down  the  river  to  Wheatland  and  West  Mid- 
dlesex and  thence  to  New  Castle,  to  be  used  for  municipal  and  in- 
dustrial purposes,  cooling  somewhat,  however,  before  reaching  that 
point  and  also  losing  volume  through  evaporation.  The  largest 
mills  at  New  Castle  are  below  the  junction  with  Neshannock  creek, 
the  water  from  which  increases  the  volume  and  reduces  the  tem- 
perature. The  New  Castle  water  works  intake  is,  however,  above 
the  mouth  of  Neshannock  creek. 

At  New  Castle  the  water  is  again  heated  by  reuse,  the  resultant 
temperatures  being  greated  than  at  Sharon  during  the  midsummer 
months.    In  August,  September,  October  and  November,  when  the 
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flow  is  low,  the  greatest  rise  in  temperature  of  the  water  over  that  of 
the  air  takes  place^  the  maximum,  in  1909,  being,  in  October,  17  de- 
grees and  in  1910,  in  August,  16.8  degrees.  At  New  Castle  it  was 
possible  to  determine  the  actual  increase  in  the  temperature  of  the 
water  as  it  passed  through  the  industrial  district,  as  illustrated  by 
the  following  table: 

TABLE  NO.  16. 

Monthly  Mean  Temperature  of  Shenango  River  Water  at  Upper  and  Lower  Ends 

of  Industrial  District,   New  Castle*   Penna. 
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This  table  shows  an  average  rise  of  temperature  of  7.95  degrees  in 
1909  and  8.89  d^rees  in  1910,  with  a  maximum  monthly  mean  rise 
in  August,  1910,  of  21.8  degrees,  when  the  temperature  of  the  water 
below  the  mills  was  117.5  degrees;  on  individual  days  the  rise  was 
often  much  greater,  the  maximum  increase  being  nearly  50  degrees 
Fahrenheit 


PROPOSED  PYMATUNING  DAM. 

In  order  to  obtain  sufficient  storage  area  to  reduce  the  fluctuation 
of  the  surface  of  the  reservoir  and  to  maintain  a  water  level  such  as 
would  not  require  the  purchase  of  the  more  valuable  land,  it  was 
determined  that  the  proposed  dam  should  be  placed  as  far  down- 
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stream  as  possible.  In  the  vicinity  of  Tiimerville  the  hills  on  both 
!*ides  of  the  valley  converge  to  form  a  narrower  valley  than  above 
that  point  and  it  was  deemed  advisable  to  locate  the  dam  in  this 
section.  Detailed  survey  was  made,  extending  northward  about  one- 
half  mile  from  the  Turnerville  Road  and  entirely  across  the  valley. 
Several  possible  dam  sites  were  chosen  from  this  survey  and  that  con- 
sidered best  was  selected  for  further  study.  Borings  were  made 
across  the  valley,  penetrating  to  rock  on  the  western  side,  while  on 
the  east  and  in  the  center  they  went  down  50  to  60  feet  without  find- 
ing rock. 

The  substratum  that  fills  the  preglacial  gorge  at  the  Turnerville 
dam  site  consists  of  an  impervious  deposit  of  fine  sand  and  clay,  that 
will  serve  for  the  foundation  of  a  dam  of  the  tyi)e  and  height  pro- 
posed. After  penetrating  a  short  distance  below  the  surface  the 
strata  are  generally  of  an  extremely  fine  clay,  and  it  has  bec^i  noted 
that  whenever  gravel  or  sand  strata  were  encountered,  there  was  a 
large  percentage  of  clay  consolidated  with  and  filling  its  voids,  re- 
sulting in  a  probably  impervious  material.  Additional  borings 
should  be  made  prior  to  the  final  choice  of  a  dam  site  and  before  fix- 
ing minor  details  of  construction.  The  rock  outcrop  in  the  run  im- 
mediately upstream  from  the  dam,  indicates,  together  with  the  test 
borings,  that  a  firm  and  solid  foundation  favorable  for  a  concrete 
wasteway  and  regulation  works  is  obtainable. 

The  type  of  dam  considered  in  the  preliminary  design,  is  an  earth 
embankment,  with  flat  slopes,  filling  the  present  valley  to  an  average 
height  of  27  feet,  combined  with  a  concrete  spillway,  dam  and  chan- 
nel founded  on  rock  at  the  west  end  of  the  dam.  The  embankment 
would  be  constructed  of  earth,  placed  in  layers  and  rolled,  material 
being  available  close  at  hand,  to  make  a  tight  structure. 

The  spillway  has  been  given  a  width  of  250  feet,  permitting  a  dis- 
charge capacity  more  than  that  of  the  shorter  dams  at  Jamestown 
and  Greenville,  the  latter  being  below  the  junction  of  the  Little 
Shenango  and  the  Khenango  rivers,  where  the  drainage  area  is  more 
than  double  that  at  the  dam  site.  In  addition,  two  legulatiug  gates, 
20  feet  wide,  are  provided,  together  \^ith  a  96-inch  blow-off  and  regu- 
lating pipe. 

Rainfall  at  the  rate  of  eight  inches  in  4S  hours,  which  is  in  excess 
of  that  which  has  been  known  to  occur,  would  raise  the  level  of  the 
reservoir  but  2.0  feet,  with  a  constantly  increasing  flow,  at  the 
spillway,  which  is  designed  to  discharge  at  the  maximum  rate  of 
230  second  feet  per  square  mile  of  watershed.  As  the  flow  at  Sharon, 
coming  from  the  rest  of  the  watershed,  falls  below  the  required  450 
second  feet,  the  gates  will  be  opened  to  allow  of  the  discharge  of 
sufficient  water  to  make  up  the  deficiency,  and  vice  versa  when  the 
natural  run-oft'  at  Sharon  increases,  the  gates  will  be  closed. 


Woodland  near  Weattord. 


iiTifei^iMKf'v'''T^'*1***rf 


^■Wft:^I'%^ 


Dam  8ite  Looking  Upstream  from  TurnervlUe  Bridge. 
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EVAPORATION. 

To  determine  the  loss  in  evaporation  by  substituting  the  water 
area  for  a  land  area,  data  was  secured  at  and  in  the  vicinity  of 
Linesville.  From  the  first  to  June  to  the  first  of  October,  1912, 
this  information  was  gathered  by  observing  the  evaporation  from 
three  tanks;  one  at  an  elevation  of  api)roxiraately  1,020  feet,  in 
Linesville  borough;  one  at  elevation  1,006,  in  the  wooded  swamp, 
and  another  at  this  elevation  in  the  onion  fields,  which  represent 
the  average  conditions  of  the  cleared  swamp  area.  It  was  found 
that  the  evaporation  from  the  cleared  area  of  the  swamp  did  not 
differ  materially  from  that  of  the  observations  collected  from  the 
tank  in  the  borough,  but  that  the  tank  in  the  woods  had  less  evapo- 
ration, due  primarily  to  the  lower  temy)erature  of  the  air  and  water 
in  the  woods  and  the  partial  shading  of  the  sun's  rays  and  protection 
from  the  winds.  A  summary  of  the  results  of  the  evaporation  that 
would  occur  from  a  water  area  under  the  climatic  conditions  at  the 
reservoir  site  is  as  follows: 

Month:        Jan.      Fob.      Mar.      Apr.      May      June      July      Aug.      Sept.      Oct.      Nov.      Dec.      Total 
Inehon:         0.75        0.85        1.85        2.35        3.50        4.35        4.70  4.30       3.25         2.50        1.80        l.ao  30.9 

As  the  average  climatic  conditions  at  Greenville,  for  a  period  of 
eighteen  years,  correspond  with  those  of  1912,  the  mean  evaporation 
is  probably  close  to  that  given. 

It  has  been  determined  from  actual  stream  measurements  that 
there  is  a  loss  of  21  inches  of  rainfall  in  an  average  year,  due  to 
evaporation  from  land  surface,  absorption  by  plants,  seepage,  etc., 
in  this  locality,  the  balance  of  the  rainfall  being  furnished,  in  vary- 
ing amounts,  to  the  Shenango  river.  By  creating  a  lake  from  which 
an  evaporation  of  30.9  inches  would  result  in  an  average  year,  there 
is  a  loss  of  9.9  inches  to  be  added  to  the  21  inches  now  occurring  from 
the  area  which  would  be  submerged,  and  in  determining  the  storage 
r(H]uired  for  regulation  at  Sharon,  this  has  been  allowed  for. 

RELATION  BETWEEN  RAINFALL  AND  RUN-OFF. 

The  monthly  mean  rainfall  of  21  stations  lying  in  or  adjacent  to 
the  Shenango  watershed  above  F^haron,  has  been  collected  and  shown 
in  Table  No.  17,  from  1878  to  date,  and  the  mean  monthly  and  mean 
annual  precipitation  was  determined  therefrom  for  the  contributary 
area  above  Sharon,  as  given  in  Table  No.  18.  Daily  observation  of 
stream  flow,  from  1909  to  date,  determined  from  60  discliarge  meas- 
urements corresponding  to  a  wide  range  of  gage  heights,  have  been 
made  at  Sharon,  and  from  these  the  relation  between  rainfall  and 
run-off  has  been  formulated,  to  e(iuate  the  ranifall  data  pievious  to 
1910  to  equivalent  runoff  of  the  Shenango  river  at  Sharon.  Due  re- 
gard has  been  paid  to  the  variable  runoffs  to  be  expected  from  the 
erratic  rainfalls  that  may  occur  in  the  same  month  durinjg  a  number 
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of  years.  The  resulting  monthly  mean  run-off  has  been  calculated  on 
a  sliding  scale,  dependent  on  the  variable  rainfall  and  soil  conditions 
for  that  month. 

The  accumulated  run-off,  showing  the  total  yield  for  the  water- 
shed, was  expressed  graphically  to  illustrate  the  behavior  of  the* 
stream  from  1878  to  1912  and  the  periods  including  the  lowest  flows 
were  subjected  to  a  preliminary  investigation.  This  demonstrated 
that  the  periods  from  1893  to  1899  and  from  1904  to  date,  represented 
the  most  exacting  conditions  which  the  reservoir  would  have  to 
regulate  and  that  the  critical  period  was  the  extreme  dry  years  of 
1909-1910,  which  were  preceded  and  followed  by  years  representing 
the  average  conditions.  Therefore,  1904  to  1912  has  been  subjected 
to  a  detailed  study  and  the  daily  discharge  for  this  period  at  Sharon 
tabulated,  the  time  and  amount  of  deficiency  in  stream  flow  at 
Sharon  being  determined  and  the  amount  of  storage  required  above 
the  dam  site  at  Turnerville  estimated.  If  the  reservoir  was  built, 
one-sixth  of  the  watershed  above  the  dam  site  would  be  converted 
into  water  surface,  the  rain  falling  upon  which  would  yield  100  per 
cent,  run-off.  This  source  of  increased  yield  has  not  been  considered 
in  the  computations,  but  provides  a  factor  of  safety  in  insuring  an 
adequate  supply. 

To  determine  if  sufficient  water  could  be  depended  upon,  from  the 
drainage  area  above  Turnerville,  to  furnish  the  amount  of  storage 
estimated  as  necessary  for  the  regulation  of  the  Shenango  river,  the 
daily  run-off  at  Turnerville  from  1904  to  1912  was  estimated.  The 
capacities  of  the  reservoir  at  each  foot  in  depth  were  also  ca.lculated, 
from  the  topographical  surveys  made,  which  permitted  of  fixing  the 
height  of  the  proposed  dam.  In  selecting  this  the  variable  storage 
required  in  wet  and  dry  years,  the  desirability  of  keeping  the  swamp 
lands  covered  at  all  times  and  utilizing  as  much  of  this  and  as  little 
improved  land  as  possible,  were  used  as  factors. 

The  flow  line  decided  on  was  at  an  elevation  of  1008  above  mean 
sea  level  and  the  calculated  fluctuations  in  the  reservoir  in  May, 
1904,  are  to  be  found  in  Table  No.  19. 

The  mean  daily  discharge  in  cubic  feet  per  second  of  the  Shenango 
river  at  Sharon,  determined  by  the  stream  measurements  and  re- 
ferred to  the  Chestnut  street  gage,  are  given  in  tables  Nos.  20  to  23, 
inclusive,  and  the  estimated  monthly  discharge  in  Table  No.  24. 
The  mean  daily  discharge  at  Turnerville  is  given  from  February  1st, 
1912,  in  table  No.  25  and  the  monthly  discharge  data  in  table  No.  26. 
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TABLE  NO.  20. 
Mean  Dally  DlBcharKc  In  8«cond-Peet,  of  Sbenango  River  at  Sharon  For  1M9. 
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TABLE  NO.  21. 
MeaA  Dally  Discharge  in  Second-Feet  of  Shenango  Hirer  at  Bliaron  For  IJtlO. 
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TABLE  NO.  22. 
Mean  Daily  Disdiarge  in  Second-Feet  of  Shenango  Riyer  at  Sharon  For  1911. 


Day. 


• 

1 

• 

£ 

• 

i 

• 

1 

• 

• 

< 

1 

o 

m 

1 

1 

2 

1. 

2. 
S. 
4. 

B. 
6, 
7. 
8. 
». 
10. 

n, 
11. 

14. 
15. 
1«. 
17. 
18. 
1», 
». 

a, 

22, 
2S. 
24, 
25. 
26. 
27. 
28. 

», 
». 

SI. 


S.585 

4,440 

6,966 

2,790 

2pl00 

1.435 

1,106 

980 

1,078 

746 

7M 

8,270 

4,376 

4.780 

7.491 

6.049 

2.0O1 

1,380 

1.051 

764 

666 

548 

429 

826 

294 

328 

840 

4,312 

5.112 

4,328 

2,900 


1,214 

1,096 

880 

840 

745 

665 

665 

665 

612 

612 

448 

467 

486 

1.836 

8.140 

2,627 

2,790 

8.670 

3.8S7 

1,840 

1,387 

1,084 

792 

700 

780 

l.OOC 

1,180 

840 


768 
665 

569 
482 
876 
869 


848 
848 
486 
665 
669 
700 
677 
648 
627 
486 
655 


950 
826 
655 

830 
718 
569 
527 
548 
976 
840 
940 
1,328 


1.204 

966 

1.015 

990 

890 

840 

802 

840 

1.866 

746 

1,896 

612 

1,210 

606 

1.016 

310 

926 

278 

860 

278 

722 

278 

722 

248 

700 

190 

990 

190 

1,096 

164 

826 

164 

802 

164 

664 

190 

722 

218 

1,610 

218 

1,160 

248 

1.966 

177 

2,422 

190 

1.367 

190 

966 

218 

722 

138 

666 

138 

612 

87 

840 

46 

709 

27 

27 

190 

190 

138 

188 

87 

75 

68 

63 

64 

31 

27 

117 

233 

143 

100 

63 

61 

41 

37 

37 

36 

80 

28 

28 

S3 

34 

238 

1.122 

843 

177 


143 
126 
126 
76 
38 
80 
80 
28 
26 
86 
304 
100 
92 
66 
89 
28 
63 
30 
28 
27 
27 
80 
30 
58 
54 
46 
46 
41 
41 
36 
34 


88 

853 

6.848 

878 

82 

294 

6.169 

616 

36 

268 

8.082 

488 

68 

201 

1.808 

636 

120 

201 

1.506 

666 

68 

210 

1.198 

666 

41 

218 

2.675 

1,210 

84 

177 

1.685 

1.836 

85 

221 

1,046 

1.010 

84 

294 

930 

806 

81 

860 

890 

840 

80 

260 

778 

816 

80 

177 

706 

1,196 

2S 

143 

669 

926 

29 

7,759 

407 

792 

31 

12,806 

426 

821 

89 

7,697 

369 

745 

87 

2,866 

4.024 

2.846 

100 

1.400 

4.280 

2,669 

63 

1.078 

1.966 

1.760 

82 

880 

1.784 

1,710 

82 

616 

1.261 

1,867 

80 

483 

1.189 

1,006 

46 

866 

1.477 

1,062 

66 

297 

696 

1.180 

61 

268 

662 

926 

100 

207 

478 

890 

463 

275 

426 

840 

2,790 

960 

897 

880 

1,828 

1.200 

856 

768 

615 

869 

646 
612 
636 
60S 
488 


887 
468 


1,836 
1,046 
1.406 
8.684 
4.104 
4,848 
8,861 
8.633 
1.800 
1.296 
1,040 
811 
781 
1.270 
1.370 
1,696 
1,078 
1,400 
1.400 
840 
846 
1,662 


TABLE  NO.  23. 
Mean  Daily  Discharge  in  Second-Feet  of  Shenango  Riyer  at  Sharon  "For  1912. 


Day* 


• 

1 

• 

1 

• 

1 

i 

9 

• 

• 

1 

< 

• 

1 

October. 

1 

•2 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
IS. 
14. 
16. 
16. 
17. 
18. 
19. 

32, 

23, 

I 
27, 

28. 

3: 

81. 


3,160 

816 

1.770 

1.960 

745 

1.400 

1,836 

781 

l.OTO 

1,070 

70O 

845 

673 

687 

673 

480 

669 

544 

616 

463 

610 

606 

411 

602 

606 

876 

637 

694 

860 

656 

448 

326 

5U 

376 

810 

486 

820 

810 

684 

818 

278 

629 

800 

867 

1,780 

810 

216 

2,780 

298 

207 

3.670 

836 

221 

4.780 

688 

267 

6.620 

880 

608 

6.950 

760 

773 

6,110 

696 

885 

3,780 

60O 

764 

2.790 

688 

682 

4,610 

612 

665 

4,040 

696 

2,230 

2,770 

486 

8,880 

2.360 

469 

8.890 

2,690 

400 

2,870 

6,250 

769 

7,390 

910 

6.960 

4,440 

6.060 

7,850 

6,640 

3.620 

2.90O 

2.630 

3.960 

2,520 

1,880 

1.340 

1.020 

840 

722 

3,910 

3.450 

2.060 

1,760 

1.280 

975 

773 

636 

666 

661 

486 

404 

383 

360 

1.220 

3,820 


2.270 
1.500 
1.120 
896 
612 
486 
433 
356 
330 
810 
288 
317 
397 
441 
475 
544 
750 
773 
696 
633 
511 
897 
320 
251 
230 
190 
164 
169 
164 
193 
212 


280 

215 

297 

810 

230 

233 

248 

224 

186 

138 

128 

110 

97 

82 

82 

426 

635 

404 

278 

201 

148 

183 

112 

100 

102 

112 

92 

82 

80 

63 


60 

49 

49 

107 

60 

46 

61 

41 

44 

75 

110 

218 

143 

102 

60 

92 

164 

263 

117 

64 

823 

S67 

164 

782 

620 

380 

263 

204 

177 

138 

113 


87 

666 

169 

700 

87 

1,720 

138 

690 

97 

1.000 

128 

627 

85 

816 

112 

467 

68 

467 

112 

441 

92 

898 

87 

807 

75 

444 

77 

478 

73 

880 

68 

920 

87 

283 

82 

778 

187 

204 

278 

746 

204 

190 

1,680 

773 

412 

169 

890 

700 

218 

138 

691 

616 

177 

112 

429 

661 

136 

104 

810 

619 

112 

77 

848 

*  619 

92 

87 

174 

486 

78 

126 

148 

448 

100 

107 

441 

•426 

186 

112 

890 

376 

107 

112 

6S9 

876 

104 

loe 

644 

886 

87 

260 

3,640 

294 

107 

860 

6,810 

278 

87 

612 

6.890 

272 

1«960 

429 

6,380 

261 

1,810 

870 

8.270 

248 

812 

291 

2.010 

283 

673 

248 

1,400 

218 

642 

190 

1.040 

212 

865 

880 

S18 


894 

4S3 

876 
1,470 
1.484 
1.066 
1,070 


S17 


406 
4U 
429 
873 
248 
248 
810 
248 
218 


196 
164 
487 

1,675 


TABLE  NO.  84. 

Estimated  Monthly  Discharge,  Shenango  River,  at  Sharon. 
(Drainage  area,  605  square  miles.) 


Montb. 


Discfaarffe  in  Second-feet. 


i 

a 

9 


a 
a 


Run-off. 


r 


3 

o 

a 


a 


1M9. 

▲offnst.     

September,    

October,    


1910. 

Jannarj 

Febmarj,    

March 

Aprtl 

Mkj 

Jnne,     

July 

Auynst.     

September 

October,    

Norember,     

December,    

The  jear,    


19U. 

Janaar7t   

Febmarj,     

March,   

April 

May 

Jnne,     

July,    

Angnst 

September,    

October 

Norember,     

December 

The  year 


1912. 

January,     

Febmary,    

March 

AK?!' ..::::::::::::::::::::: 

June,     

July 

August.     

September,    

October 

Norember 

December,     

The  year,    


75 
63 
46 


2.740 

5,240 

12,600 

2,630 

2,280 

792 

138 

87 

SIO 

678 

1,840 

6,840 


7.491 
3«670 
1,328 
2,422 

990 
1,122 

204 
2,790 
12,908 
5.843 
2,669 
4.248 


12,908 


S,160 

8,890 

7,390 

7,860 

2,270 

585 

732 

1,960 

1,720 

6,810 

920 

1,575 


7.890 


18,600 


87 

27 
27 


75 

298 

204 

138 

164 

87 

87 

25 

20 

46 

218 

248 


20 


294 
448 

343 

S12 

27 

27 

25 

28 

148 

856 

878 

888 


26 


296 

207 

486 

360 

164 

63 

41 

68 

77 

68 

212 

154 


41 


48.8 
34.6 
34.1 


844 


8,080 

547 

612 

274 

59 

29 

87 

190 

742 

886 


687 


2,441 
1.283 

663 
1.064 

818 

182 
57 

206 
1.401 
1,658 
1,011 
1,386 


962 


70t 
861 
2,680 
2.2S0 
580 
189 
170 
S19 


1.258 
47S 
524 


860 


1.896 
1.469 
5.090 
0.904 
1.012 
0.463 
0.098 
0.049 
0.144 
0.818 
1.226 
1.466 


1.185 


4.036 
2.120 
1.079 
1.759 
0.526 
0.218 
0.004 
0.841 
2.815 
2.575 
1.721 
2.806 


1.691 


1.16S 
1.428 
4.480 
8.718 
0.876 
0.&3 
0.281 
0.688 
0.608 
2.079 
0.781 
0.866 


1.428 


0.080  , 

0.057 

0.056 


0. 

0.064 

0.066 


1. 

1. 

6.868 

1.006 

1.166 

0.G06 

O.IU 

0.067 

0.160 

0.861 

1.] 

l.( 


15.4S1 


4. 
2. 

1.244 

1.1 

0. 

0.211 

0.106 

0.8M 

2.688 

2.966 

1.1 

2. 


&.648 


1.841 

1.CM 

6.167 

4.148 

1.610 

0.1 

0.1 

O.606 

0.678 

2.117 

o.fn 

0.168 


19.161 
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TABUS  NO.  25. 
Mean  Daily  Discharge  in   Sec. -Feet  of  Shenango  River  at  TumeryiUe  for  1912, 


Day. 


■ 

d 
1 

• 

g 

2 

• 

•8 

t 

• 

• 

1 

i 

m 

• 

1 
1 

■ 

1 

• 

1 

1, 
1. 
s. 

11. 

12. 
IS. 
M. 
16. 
1«, 

17. 
18. 
W. 
». 
21, 
«. 
23. 
i4. 
25, 
2«. 
27, 
». 
2», 
30, 
SI. 


S26 
MS 


426 

S88 

312 

208 

176 

146 

120 

102 

92 

87 

76 

78 

66 

66 

&0 

66 

78 

UO 

140 

136 

136 

140 

223 

900 

967 

1,070 


1,150 

883 

667 

406 

806 

245 

190 

176 

190 

172 

153 

160 

162 

285 

403 

810 

1,860 

1,977 

2,074 

1,775 

1,598 

1.285 

1,182 

3,160 

1,085 

1,085 

850 

885 

1,232 

1,723 

1,764 


1,447 
1,447 
1,485 
1,278 
1,286 
1.112 
860 
985 
970 
642 
442 
880 
264 
221 
491 
791 
925 
680 
402 
816 
260 
207 
180 
162 
144 
182 
120 
108 
114 
432 


485 

642 

862 

236 

162 

132 

120 

108 

106 

102 

97 

102 

102 

108 

182 

174 

292 

808 

808 

260 

193 

144 

120 

102 

80 

64 

49 

40 

49 

69 

75 


85 

91 

108 

86 

102 
182 
126 
96 
70 
44 
81 
22 
22 
22 
22 
22 
40 
49 
44 
35 
22 
22 
22 
20 
20 
20 
16 
14 
14 
14 


12 
12 
12 
12 
12 
12 
12 
12 
10 
10 
10 
10 
12 
12 
14 
14 
16 
12 
10 
9 
9 
12 
12 
14 
44 
40 
81 
16 
14 
12 
14 


12 
16 
16 
.16 
14 
14 
12 
12 
12 
20 
26 
81 
85 
81 
22 
16 
12 
12 
12 
12 
12 
12 
12 
14 
14 
16 
102 
102 
108 
114 
114 


106 
96 
91 
70 
44 
40 
40 
86 
26 
82 
20 
16 
14 
14 
12 
14 
14 
81 
81 
22 
22 
20 
81 

102 
80 
TO 
70 
64 
64 
40 


86 

280 

81 

229 

26 

200 

22 

187 

22 

174 

20 

168 

16 

200 

14 

262 

14 

229 

20 

292 

40 

S16 

44 

800 

40 

268 

40 

229 

81 

200 

28 

200 

22 

187 

20 

174 

120 

180 

126 

180 

102 

168 

96 

144 

1,296 

120 

1,850 

106 

2.040 

102 

1,686 

86 

1.226 

80 

910 

76 

617 

70 

422 

64 

825 

I 


64 
91 
128 
120 
168 
422 
872 
442 
892 


187 

156 

188 

114 

114 

126 

126 

188 

126 

168 

182 

188 

120 

91 

60 

60 

46 

45 

60 

870 


TABLE  NO.  26. 

Estimated  Monthly  Discharge,  Shenango  River,  at  Turnerville  For  1912. 

(Drainage  area,  160  square  miles.) 


Discharge  In  Second-feet. 

Ban-off. 

I. 

• 

Month. 

« 

• 

1 

■ 

a 

1 

a 

w4 

5 

11 

1^ 

a 

1 

s 

s 

s 

so 

a 

Febraary*     

March 

April,     

MV 

June 

July 

▲ngnst 

September,    

October 

Norember,     

Dcoenber,     ••«••. 

■leTcn   montfai. 


1.070 

2,074 

1.486 

642 

182 

44 

114 

106 

2.040 

816 

442 


2,074 


60 

160 

106 

40 

14 

9 

12 

12 

14 

64 

46 


264 

875 


160 

48 

16 

82 

44 

864 

181 

168 


1.607 
6.888 

4.016 
1.124 
0.818 
0.098 
0.210 
0.292 
2.428 
1.200 
1.117 


1.667 


1.880 

6.726 

4.481 

1.] 

0.1 

0.118 

0.M2 

0.826 

2.800 

1.849 

1. 


20.897 
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The  surface  area  and  amount  of  water  that  would  be  impounded 
in  the  proposed  reservoir,  computed  from  the  maps  of  the  survey,  are 
shown  at  intervals  of  two  feet  in  height,  between  the  elevations  of 
980  and  1,018  feet  above  sea  level,  in  the  following  table: 

TABLE  NO.  27. 
Calculated  Surface  Area  and  Capacities  of  the  Proposed  Pymatuning  Reservoir. 


Capacit^^  Of  Reservoir  In' 

Eleration  Abore  Sea  Level. 

Surface   Area   In    Aerei. 

Million  Cubic  Feet. 

980 

77 

10 

982 

266 

64 

984 

606 

164 

986 

1.158 

801 

988 

2.066 

4S6 

990 

3.252 

736 

992 

4,557 

1,064 

994 

5,920 

1,486 

QQA 
9SJV 

7.S15 

2.066 

996 

8,780 

2.791 

1.000 

10.196 

8,663 

1.002 

11,658 

4.628 

1,004 

12.979 

5.696 

1.006 

14.368 

6.876 

1,006 

15,808 

8,182 

1,010 

17,280 

9,632 

1.012 

18.637 

11.199 

1.014 

20,083 

12.746 

1.016 

21.498 

14,318 

i,eit 

22,912 

16,891 

NOTE.— 1  en.  ft.  =  7.48  gallons. 

EFFECT  OF  RESERVOIR  ON  SURROUNDING  AGRICULTURAL.  LAND. 

It  is  important  to  have  the  ground  water,  upon  which  deep  rooted 
crops  depend  during  the  growing  season,  approach  the  surface  within 
their  reach.  Raising  the  water  level  by  a  storage  reservoir  decreases 
the  slope  of  the  underground  water,  lessens  its  flow  into  the  surface 
streams,  and,  consequently,  raises  the  sub-soil  water  under  the  till- 
able land.  The  lowering  of  the  water  in  the  swamp  by  drainage 
would  have  the  opposite  effect. 

The  well  data  collected  at  the  reservoir  site  gives  information  re- 
garding the  importance  of  the  conserving  power  of  Pymatuning 
Swamp.  The  change  in  the  water  level  of  forty-six  wells,  within  and 
bordering  on  the  reservoir  site,  was  observed  from  February  1st  to 
November  1st,  1912,  and  the  data  collected  affords  a  fair  indica- 
tion of  the  existing  conditions  of  the  upper  level  of  the  underground 
water.  The  maximum  observed  fall  in  ground  water  was  9.97  feet, 
occurring  from  April  1st  to  August  1st ;  a  mean  fall  for  wells  in  the 
northern  portion  of  the  reservoir  site  was  about  5.5  feet,  from  April 
1st  to  October  1st.  In  general  it  was  found  that  the  subsoil  water 
rose  until  April  1st,  gradually  falling  until  the  crops  were  harvested 
on  October  1st,  when,  in  response  to  the  autumn  rains,  the  under- 
ground reservoir  began  to  rise.  The  draught  on  ground  storage  in 
this  vicinity  usually  begins  about  the  middle  of  April,  and,  when 


Typical  Views  of  Onion  Fields  and  Pasture  Lands  in  Reservoir  Site. 
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drawn  down,  unless  the  precipitation  is  largely  in  excess  of  the 
normal  from  June  to  August,  the  entire  rainfall  would  be  absorbed 
by  the  dry  earth  and  plants  and  not  increase  the  ground  water.  The 
excessive  rainfalls  that  occur  from  May  to  September,  when  the 
ground  water  is  at  low  stage,  cause  less  violent  floods  than  would 
result  from  equal  precipitation,  in  April  or  in  October  or  November, 
when  the  sub-soil  is  saturated. 

UNDERGROUND  STORAGE. 

The  real  storage  now  existing  in  the  Pymatuning  Swamp  district, 
is  mainly  in  the  porous  sands  which  extend  around  the  shores  of  the 
swamp.  The  dense  vegetation  in  the  swamp  retards  run-off  in  the 
spring  and  raises  the  ground  water  level  in  the  adjacent  porous 
sand  plains  when  the  swamp  lands  are  overflowed.  This  ground 
storage  is  released  and  maintains  a  flow  in  streams  and  ditches, 
tributary  to  the  river  north  of  Manning  Bridge,  long  after  Gravel 
run,  McMichael  creek  and  the  brooks  near  the  dam  site  have  become 
practically  dry. 

During  the  summer  months  the  vegetation  in  the  swamp  con- 
sumes water  for  the  support  of  plant  life,  particularly  in  the  district 
between  Linesville  and  Hartstown,  which  is  covered  with  a  dense 
growth  of  weeds,  rushes  and  brush,  which,  together  with  the  in- 
creased evaporation,  decreases  the  efficiency  of  the  swamp  as  a 
stream  regulator.  The  main  benefit  which  the  Shenango  receives 
from  the  swamp  is  through  its  increased  flow  from  the  stored 
ground  water  and  in  retarding  the  spring  flow  during  the  freshet 
seasons.  This  retardation  is  materially  increased  in  winter  and 
early  spring,  by  the  fact  that  the  dense  evergreen  growth  in  the 
swamp  furnishes  an  efficient  shading  of  the  ice  and  snow,  from  the 
sun,  thereby  reducing  the  loss  by  evaporation. 

SOUi  IN  DISTRICT  ADJACENT  TO  RESERVOIR  SITE. 

According  to  the  report  of  the  United  States  Department  of 
Agriculture  on  the  Reconnoisaance  Soil  Survey  of  Northwestern 
j'tonsylvania,  the  soils  of  Crawford  county  occur  under  three  classi- 
fications, known  as  Volusia,  Wheeling  and  Genessee  soils.  The  for- 
mer are  composed  of  glacial  till,  while  the  Wheeling  and  Genessee 
soils  belong  to  the  terrace  and  bottom  land  series.  All  of  these  soils 
are  to  be  found  within  the  limits  or  adjacent  to  the  reservoir  site. 

The  Volusia,  or  upland  soil,  was  deposited  at  the  recession  of 
the  ice  sheet  during  the  glacial  period,  and  is  in  general,  composed 
of  silt  loam,  or  of  loam  and  clay  of  fine  texture,  but  throughout  the 
region  covered  by  the  Volusia  soils,  there  are.  mixed  deposits  of 
detritus  which  rise  as  islands  in  the  swamp,  or  as  ridges  on  the 
higher  grouod.    These  deposits  are  evidenced  by  the  broken  topo- 
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graphy  near  Penn  Line,  at  Westford,  and  in  the  vicinity  of  the  dam 
site,  and  also  by  hummocks  and  long  sinous  ridges  near  Linesville. 
The  soil  on  the  steep  areas  is  stony,  but  in  the  flat  tracts  or  on  gentle 
slopes  it  is  composed  of  loam  and  clay,  in  general  having  layers  of 
six  to  eight  inches  of  loam  resting  on  a  clay  sub-soil.  The  prices  of 
Volusia  farm  lands,  in  general,  range  from  f  15  to  150  per  acre,  a 
fairly  representative  value  for  the  areas  adjacent  to  the  dam  site 
being  about  |20  to  f40  per  acre,  including  farm  improvements. 

The  Wheeling  and  Gtenessee  soils  are  to  be  found  in  the  lowest 
lands  bordering  on  the  Shenango  river,  and  are  sedimentary.  The 
Wheeling  soils  are  to  be  found  west  of  Padan's  creek  and  north  of  the 
Swamp  Road  and  immediately  south  of  Linesville  borough.  These 
soils,  in  general,  occupy  land  above  the  limits  of  the  proposed  reser- 
voir and  are  well  drained  and  productive,  although  there  is  a  ten- 
dency toward  droughts  and  a  rapid  depletion  of  the  ground  water, 
by  reason  of  the  occurrence  of  underlying  gravel  beds.  There  are 
many  desirable  farms  on  the  Wheeling  soils,  and,  although  the  more 
sandy  and  porous  lands  are  less  productive,  the  more  valuable  lands 
are  worth  from  |60  to  f 80  per  acre,  where  well  improved. 

The  Oenessee  soils  are  to  be  found  in  the  alluvial  bottom  lands 
and  the  larger  proportion  of  the  land  within  the  reservoir  site  be- 
longs to  this  classification,  being  composed  of  sands  or  heavy  clays. 
That  which  is  not  subject  to  inundation,  is  tilled  to  advantage  and 
the  periodically  overflowed  land  is  devoted  to  pasturage. 

CLASSIFICATION  AND  VALUE  OF  LAND  IN  FLOODED  AREA. 

It  is  estimated  that  the  reservoir,  at  spillway  level,  will  inundate 
24.7  square  miles,  or  15,808  acres,  but  in  determining  its  cost  it  has 
been  assumed  that  .additional  land  above  that  level  should  be  ac- 
quired to  provide  for  the  raising  of  the  level  by  floods,  and  that  the 
entire  area  below  elevation  1010  should  be  purchased.  Furthermore, 
it  would  not  seem  necessary  that  the  taking  line  should  follow  all 
the  irregularities  of  the  shore  line.  At  the  upper  end  of  the  swamp, 
south  of  Linesville  and  north  of  Hartstown,  the  proposed  water  level 
crosses  the  dense  swamp  and,  owing  to  the  backwater  effect  in  this 
area,  it  is  proposed  to  acquire  flowage  rights,  up  to  elevation  1012. 
Enclosed  within  the  reservoir  there  will  be  several  islands,  cut  off 
from  shore  communication,  which,  also,  would  be  purchased. 
Thus  the  total  area  required  for  reservoir  purposes  amounts  to  18,- 
600  acres,  divided  as  follows: 

Land  required  in  fee,   85.8  per  cent,  or  17,378  acres 

Land  released  for  flowage  rights, 14.2  per  cent,  or    1,222  acres 


Total,    18,«00  acres 


views  Showing  the  Better  Class  of  Fanna  in  Reservoi:-  Site. 
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Of  the  17,378  acres  necessary  to  purchase,  51.7  per  cent,  or  8,993 
acres,  is  swamp  or  partially  overflowed  land,  the  greater  portion  of 
which  is  inaccessible,  except  when  the  surface  is  frozen,  and  even  then 
is  attended  with  difficulty  and  often  danger.  The  cultivated  lands 
and  onion  fields  comprise  13.9  per  cent,  or  2,413  acres,  the  balance 
of  5,972  acres,  or  24.4  per  cent.,  include  wood,  pasture  and  meadow 
lands.  The  swamp  and  dry  lands  may  be  further  subdivided  as  fol- 
lows: 

Swamp  and  oyerfiowed  lands: 

Covered  with  woods  and  timber.   7.641  acres 

Covered  with  brush  and  burned  timber,   ....  872     " 

Open,    B80     " 

8,993  acres 

Dry  lands: 

Cultivated,    1,966  acres 

Onion  fields 448     " 

Woodland,     930     " 

Pasture,  meadow  and  miscellaneous,  6.042     " 

8,386  acres 

Total,    17,378  acres 

There  are  115  buildings  in  and  bordering  on  the  proposed  reservoir 
that  would  be  affected,  sub-divided  as  follows:  53  houses,  56  bams 
and  six  miscellaneous  structures.  It  would  not  be  necessary  to  de- 
stroy or  acquire  all  of  the  buildings  affected,  22  houses  and  21  barns 
could  be  moved  to  higher  ground  on  the  same  properties  without 
depriving  the  owners  of  their  homes.  In  general,  the  project  does 
not  involve  the  taking  of  the  better  portions  of  farms,  although  at 
the  lower  end  of  the  reservoir  it  would  be  necessary  to  take  entire 
farms  situated  in  the  flats  bordering  on  the  river. 

A  fair  conception  of  the  agricultural  lands  in  this  vicinity  may 
be  obtained  from  the  39th  Report  of  the  Secretary  of  Internal  Af- 
fairs of  Pennsylvania,  for  1911,  in  which  it  is  stated  that  of  the 
total  area  of  Crawford  county,  87^  per  cent,  is  devoted  to  farming, 
sub-divided  as  follows: 

Total  farm  acreage 680,411,     value,     $13,690,673 

Buildings "  9,820,167 

Total  number  of  farms,    7,116 

Total $23,610,860 

Improved    acreage,    376,946    acres — ^66.7%  of  entire  county 

Woodland  acreage,    116.546      "      —17.4% 

Unimproved  acreage, 88.920      "      — 13.4% 


*•  M 

«•  M  M 


Total 680 ,411    acres— 87.5%  of  entire  county 

The  average  Crawford  county  farm  contains  about  81.6  acres,  of 
which  52.8  acres,  or  64.7  per  cent.,  are  improved  or  under  cultivation : 
the  mean  value,  per  acre,  of  the  entire  farms  being  f 23.60  or  f40.60 
per  acre,  including  buildings. 
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SWAMP  DRAINAGE. 

It  has  been  proposed,  from  time  to  time,  to  drain  the  Pymatoning 
Swamp,  b  j  means  of  canals  and  ditches  and  to  thus  add  7,000  acres 
of  land,  now  unproductive,  to  the  producing  area  of  the  Btate.  In 
prosecuting  this  survey,  the  Commission  has  advised  itself  r^arding 
this  feature  and  has  become  assured  that,  although  it  is  possible  to 
partially  or  perhaps  wholly  drain  tiie  surface  water  from  this  area, 
such  is  not  the  best  use  to  make  thereof;  that  the  greatest  benefit 
will  accrue  to  the  State  by  flooding  rather  than  draining  it. 

Experience  indicates  that,  in  general,  the  slope  available,  limits 
the  area  that  can  be  feasibly  drained  and  reliable  practice  shows  that 
the  following  slopes  are  necessary  to  maintain  ditches  for  the  cor- 
responding areas: 

TABLE  NO.  28. 
Slopes  Required  For  Drainage  Ditches. 


Slope  in  feel 
per  mile. 

Area   drained. 

Resnlt. 

2.0  feet  per  mile, 
2.0    ••       "      •• 
3.0    *•       ••      *• 
4.0    *•       ••      " 
5.0    "        •'      '• 
2.0    '•        "      •* 
1.5    *-•        ••      *• 

2S,000  acres, 
16-18,000      " 
6-  7,000      •• 
4.000      *• 
2,000      '* 
2,000      " 
2,000      " 

Caused  slight  scour. 

Self   cleaning, 
it          << 

<<          t< 

<t          << 

Two  foot  siltage. 

Three    foot   siltage— efficiency   destroyed. 

The  entire  area  above  Pollock's  Bridge  was  surveyed  and  the 
ditches  and  small  streams  existing  throughout  the  swamp  located 
and  mapped  with  reference  to  the  drainage  problem,  and  the  slope 
of  the  water  surface  noted.  Several  instances  were  found  where  the 
drains  had  silted  up  and  become  clogged  with  vegetation,  which  de- 
stroyed their  effectiveness. 

The  area  of  the  swamp  above  Pollock's  Bridge  is  6,900  acres,  which 
would  require  a  slope  of  3.0  feet  per  mile  to  drain  properly.  It  has 
been  found  that  the  slope  for  the  first  3.78  miles  above  this  bridge, 
to  the.  railroad,  is  1.72  feet  per  mile,  and  for  the  next  3.2  miles  the 
fall  is  3.6  feet  per  mile.  Drainage  ditches  constructed  between  Pol- 
lock's Bridge  and  the  railroad  would  not  be  self  cleaning,  but  the 
territory  aboVe  the  railroad,  to  the  corduroy  road,  might  be  drained 
by  dredging  the  ditches  yearly.  Above  the  corduroy  road,  and  well 
above  the  limits  of  the  reservoir,  there  is  a  tract  containing  about 
1,480  acres  of  swamp  land,  through  which  the  stream  falls  from 
4,0  to  5.2  feet  per  mile.  It  would  be  entirely  feasible  and  practical 
to  construct  drainage  ditches  in  this  area  that  would  be  self  cleaning 
and  not  require  a  yearly  appropriation  for  maintenance. 


V  Drainage  Ditch  Sliowtng  Low  and  High  Water  Condltloas  In  Reservoir  Site. 
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Prom  Manning  Bridge  downstream,  to  the  Westford  Bridge,  the 
river  has  an  average  slope  of  but  1.3  feet  per  mile  and  from  the 
latter  point  to  Jamestown  the  slope  reduces  to  0.8  foot  per  mile. 
The  effect  of  extensive  drainage  above  Pollock's  Bridge  would  be 
the  formation  of  bars  and  ridges  in  the  Shenango  river  and  an  in- 
crease in  periodical  overflows  below  Manning  Bridge. 

While  the  swamp  can  undoubtedly  be  ditched,  it  appears  con- 
clusive that  a  comprehensive  drainage  system  cannot  be  maintained 
without  a  considerable  yearly  cost  for  maintenance.  If  the  Pyma- 
toning  Bwamp  above  Pollock's  Bridge  should  be  subjected  to  a  com- 
prdiensive  scheme  of  drainage,  there  would  probably  be  an  aug- 
mented dry  weather  flow  for  a  year  or  so  following  such  drainage, 
but  at  the  expiration  of  this  period  the  dry  weather  flov  would  be 
less  than  under  present  conditions. 

PYMATUNING  SWAMP  AS  A  REGtJLATOR  OF  STREAM  PLOW. 

A  study  has  been  made  from  actual  measurements  in  the  swamp 
and  along  the  Bhenango  river,  to  determine  the  percentage  of  flow 
from  the  swamp  at  times  of  flood  and  extreme  dry  flow,  and  from 
the  data  collected  it  has  been  demonstrated  that  in  the  flood  of  Oc- 
tober 22nd  to  2»th,  1912,  32.7  per  cent,  of  the  flow  at  Sharon  was  con- 
tributed  by  the  run-off  from  Pymatuning  Swamp,  as  measured  at 
Tumerville.  During  the  period  from  October  30tb  to  November  6th, 
while  the  river  flood  was  receding,  the  swamp  contributed  39.6  per 
cent,  of  the  run-off,  from  which  the  conclusion  is  reached  tiiat,  in  as 
much  as  this  percentage  is  in  excess  of  the  proportion  oif  the  drainage 
area  at  Tumerville  to  that  at  Sharon,  by  about  15  per  cent.,  the 
flood  water  is  retained  in  the  swamp  and  is  paid  our  gradually  to  the 
Shenango  river  below  Tumerville,  while  the  contributary  streams 
below  that  point  fell  off  more  rapidly. 

The  dry  periods,  which  occurred  from  July  1st  to  July  9th,  August 
1st  to  August  9th  and  August  17th  to  August  25th,  furnish  informa- 
tion bearing  on  the  amount  of  water  furnished  from  this  swamp 
when  the  Shenango  river,  at  Sharon,  is  at  low  flow.  From  this  in- 
formiation  it  has  been  determined  that  when  the  river  at  Sharon  had 
a  discharge  of  100  second-feet,  the  area  above  Tumerville  contributed 
about  12  per  cent.,  for  a  discharge  of  50  second-feet,  26  per  cent.,  and 
for  a  40  second-foot  discharge  at  Sharon,  this  area  contributed  30  per 
cent.,  which  was  the  lowest  available  point  for  direct  measurement 
obtainable  in  the  year  1912.  Continuing  the  ratio,  as  observed  from 
the  information  given  above,  and  plotting  a  curye  of  percentage  on 
that  basis,  it  was  found  that  when  the  flow  at  Sharon  falls  to  30 
second-feet,  this  area  would  contribute  about  35  per  cent.,  and  for  a 
20  second-foot  flow  at  Sharon,  about  43  per  cent,  comes  from  Tumer- 
ville.   During  the  year  1912,  28.6  per  cent,  of  the  discharge  at  Sharon 
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was  furnished  by  the  catchment  area  above  the  dam  site  at  Tumer- 
ville,  which  is  3.8  per  cent,  in  excess  of  the  proportional  drainage 
area.  These  investigations  do  not  include  the  stream  which  issaefi 
from  the  swamp,  in  the  vicinity  of  Hartstown  and  Adamsville,  and 
drains  into  the  Shenango  river,  through  Crooked  creek,  and  enters 
the  main  stream  above  the  dam  at  Greenville. 

The  improvement  in  the  slope  and  width  of  the  channel  of  tbe 
Shenango  river  traversing  Pymatuning  Swamp  would  permit  of  a 
more  rapid  run-oflf  and  increase  the  flood  flows  at  Sharon,  for  the 
reason  that  it  would  require  a  less  interval  of  time  for  the  water 
draining  into  Pymatuning  Swamp  to  reach  Sharon,  and  would  allow 
the  run-oflf  from  the  main  river  and  tributary  streams  to  culminate 
more  nearly  at  the  same  time.  At  present,  as  is  shown  by  the  records 
and  observations  taken  from  1910  to  date,  there  are  two  flood  crests 
which  occur  at  Sharon,  one  caused  by  the  tributary  streams  below 
Greenville,  and  the  other,  coming  later,  due  to  the  water  from  Pyma 
tuning  Swamp. 

During  the  low  periods,  if  the  channel  of  the  Shenango  river  above 
Manning  Bridge  were  improved  for  drainage  purposes,  the  waters  held 
back  in  the  swamp  and  sub-soil,  would  be  depleted  in  a  short  time, 
causing  a  material  decrease  in  the  percentage  which  Pymatuning 
Swamp  furnishes  at  present. 

SHORE  AND  RESERVOIR  TREATMENT. 

It  is  proposed  to  remove  all  trees  and  bru^  from  the  entire  reser- 
voir and  to  burn  that  which  is  not  salable.  Around  the  shores  and 
within  the  limits  of  fluctuation  of  the  reservoir  and  three  feet  above 
the  normal  level  thereof,  in  addition  to  the  treatment  above  de- 
scribed, it  is  proposed  to  pull  the  stumps  and  carefully  clear  up  and 
burn  the  vegetable  matter.  The  subsequent  wave  action  will  erode 
and  overturn  the  soil  on  the  slopes  of  the  wider  portions  and  ex- 
perience has  taught  that  this  action  results  in  creating  sandy  and 
gravelly  shores,  similar  to  those  formed  on  natural  ponds.  Conneaut 
Lake  has  a  rise  and  fall  of  four  feet;  Chautauqua  Lake,  six  feet; 
Tupper  Lake,  in  the  Adirondacks,  eight  feet,  and  they  have  beautiful 
shores  and  are  utilized  as  health  resorts. 

CONDITIONS  AFFECTING  SANITATION  AT  RESERVOIR  SITE. 

It  was  determined  to  place  the  flow  line  of  the  proposed  reservoir 
higher  than  that  actually  required  to  obtain  the  necessary  storage, 
or,  in  other  words,  to  create  a  reservoir  larger  than  would  be. ex- 
hausted every  year.  Such  a  reservoir  would  have  small  fluetuatiojis 
between  high  and  low  water  and,  with  the  greater  depth,  it/^onld 
never  be  necessary  to  uncover  the  present  swamp^  while  .th/B.  idpk 
of  the  reservoir  becoming  offensive  would  be  avoided^    This^reserrpir, 


Swamp  Road  West  of  LlDesvllle  and  Orerflow  at  Padan  Creek  Bridge. 
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with  its  improved  shore  line,  its  beaches,  and  the  regulating  sluice- 
way -so  devised  that  the  water  could  in  no  way  be  drawn  so  low  as  to 
uncover  the  swamp,  would  afford  an  added  attraction  to  the  nearby 
villages. 

During  the  spring  run-off,  and  at  times  when  there  are  unusually 
heavy  rainfalls,  the  low  land,  "which  is  proposed  for  a  reservoir  site, 
is  subject  to  periodic  overflow  and  data  have  been  gathered  at  several 
points  to  show  the  fluctuation  in  the  floods  which  cover  over  50  per 
cent,  of  the  reservoir  contemplated.  During  such  periods  roads  in 
the  vicinity  of  and  above  Manning  Bridge  are  frequently  overflowed. 

The  maximum  draft  from  the  proposed  reservoir  during  1912 
would  have  been  3.7  feet,  occurring  at  the  end  of  September,  while 
between  March  Ist  and  June  1st,  1912,  there  were  fluctuations  in  the 
overflows  at  the  Swamp  Road  Bridge,  over  Padan  creek,  of  five  feet, 
and  about  the  same  amount  at  the  end  of  October,  being  1.3  feet  in 
excess  of  tiie  variations  that  would  have  occurred  in  the  surface  of 
the  proposed  reservoir.  The  low  land  in  the  vicinity  of  the  Penn- 
sylvania Railroad,  south  of  Linesville,  was  frequently  flooded,  be- 
tween March  1st  and  June  1st,  to  a  depj:h  of  six  feet  and  at  the  end 
of  October  there  was  a  rise  of  five  feet,  covering  the  swamp  and  cul- 
tivated lands.  In  the  vicinity  of  the  road  across  the  swamp  near 
Shermansville  there  was  a  rise  and  fall,  for  the  first  period  men- 
tioned, of  6.5  feet,  and  about  six  feet  for  the  latter  period,  which  is 
2.5  feet  to  three  feet  more  than  would  have  Occurred  in  the  reservoir, 
the  water  rising  to  within  two  feet  of  the  level  at  which  it  is  proposed 
to  hold  the  stored  water.  Whether  a  storage  reservoir  is  sanitary 
and  attractive,  or  unhealthy  and  unattractive,  is  mainly  a  question 
of  expenditure  and  supervision  and  it  is  believed  that  the  aesthetic 
and  sanitary  conditions  resulting  from  this  natural  overflow  are 
inferior  to  those  which  would  follow  the  construction  of  the  con- 
templated reservoir. 

HIGHWAYS. 

The  creation  of  a  lake  of  practically  twenty-five  square  miles  area 
and  whose  length  is  sixteen  miles,  will  of  necessity  flood  existing 
highways  and  cause  a  relocation  of  some  and  elevation  of  others. 
But  this  lake  may  become  a  transportation  medium  and,  in  such 
event,  the  fewer  highways  crossing  it  the  better.  The  decision  as 
to  what  roads  shall  be  preserved  will  be  a  matter  for  those  interested 
to  decide,  but  for  the  purpose  of  estimating  cost,  changes  in  eleven 
miles  of  highway  have  received  attention  and  an  effort  has  been 
made  to  disturb  present  conditions  to  as  small  extent  as  possible.  It 
is  believed  that  modifications  in  the  reconstruction  of  highways  may 
materially  reduce  this  important  item  in  the  cost  of  the  proposed 
reservoir.    All  of  the  relocated  roads  are  estimated  as  having  a  width 
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of.  twenty  to  twenty-four  feet,  the  roadway  being  sufficiently  above 
the  full  water  surface  to  withstand  wave  action,  the  sides  and  em- 
bankments having  flat  slopes,  riprapped. 

RAILROADS. 

If  the  reservoir. is  constructed  with  the  flow  line  indicated,  it  will 
be  necessary  to  elevate  the  tracks  of  the  Erie  and  Pittsburgh  Division 
of  the  Pennsylvania  Railroad  for  9,000  feet,  but  this  will  be  ad- 
vantageous, as  it  eliminates  grades  descending  to  and  ascending  from 
the  swamp.  In  estimating  the  cost  of  this  work  the  unit  prices  used 
are  those  given  by  railroad  officials. 

LAKE  ERIE-OHIO  RIVER  SHIP  CANAL. 

It  has  been  suggested  that  the  Pymatuning  Swamp  be  used  as  a 
storage  basin  to  supply  the  summit  level  of  the  proposed  Lake  Erie- 
Ohio  River  Ship  Canal,  whose  projected  line  is  from  near  Ashtabula, 
Ohio,  on  Lake  Erie,  to  the  Mahoning  river;  down  that  stream  and  the 
Beaver  river  and  up  the  Ohio  river  to  Pittsburgh.  It  is  said  that  the 
canal  would  require  a  storage  of  about  ten  billion  cubic  feet  and 
that  tiie  water  would  be  brought,  by  a  feeder,  from  French  creek, 
and  stored  in  the  swamp  to  be  used  as  needed.  It  is  considered  that 
the  utilization  of  Pymatuning  Swamp  for  regulating  the  flow  of 
the  Shenango  river  need  not  interfere  with  the  other  use,  as  it 
would  be  practicable  for  the  canal  storage  capacity  to  be  obtained 
by  raising  the  proposed  Turnerville  dam. 

SUMMARY  OP  FIELD  WORK. 

The  stadia  work  within  the  1020  contour  above  the  dam  site  was 
tied  into  the  triangulation  system,  enclosing  an  area  of  49.18  square 
miles  and  composed  of  a  net  work  of  forty  stations,  which,  owing  to 
the  flat  and  wooded  country,  were  located  on  bams  and  high,  cleared 
ground  around  the  reservoir  site.  A  base  line  was  laid  out  along  the 
Pennsylvania  Railroad  between  Linesville  and  Espyville,  having  a 
triangulation  station  at  each  end,  from  which  the  system  extended 
toward  Hartstown  and  downstream  to  the  stone  monuments  on  the 
Ohio-Pennsylvania  State  Line,  near  Penn  Line  and  Turnerville.  The 
length  of  the  base  line  was  4,404.938  feet,  the  average  variation  of  the 
measurements  from  the  mean  length  of  the  base  line  being  0.067 
foot,  equivalent  to  one  foot  in  14.8  miles.  The  triangulation  system, 
as  extended,  was  tied  in  near  Turnerville  to  the  stone  monuments  of 
the  Ohio-Pennsylvania  State  Line,  which  are  set  one  mile  apart,  the 
error  of  closure  being  0.20  foot. 

The  stadia  traverse  lines  of  the  topographical  survey  proper  began 

and  ended  at  these  accurately  located  triangulation  stations.    The 

,   total  length  of  traverse  lines,  aggregating  144  miles,  covered  an  area 
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of  39.2  aquare miles  of  the  swamp  and  adjacent  country;  the  average 
erFor  in  closure  being  one  foot  in  1,167  feet.  These  unavoidable  errors 
were  not  aUowed  to  accumulate  and  were  adjusted  between  the  tri- 
angulation  stations,  the  average  length  of  a  traverse  being  about  2.5 
miles.  The  average  progress  on  stadia  work,  taking  topography,  was 
1.80  miles  per  day,  the  maximum  rate  being  4.25  miles,  and  the  aver- 
age cost  per  mile  being  f  17.32,  or  f  63.75  per  square  mile. 

Ninety-four  miles  of  primary  levels  were  run  and  135  bench  marks 
established,  to  determine  the  elevation  of  points  above  sea  level  in 
and  about  the  reservoir  site,  for  the  purpose  of  furnishing  con- 
venient reference  points  to  check  the  elevations  as  later  determined 
by  the  topographical  survey,  and  to  have  a  reliable  datum  for  the 
slopes  in  the  river  and  for  drainage  studies.  The  system  of  levels 
is  referred  to  a  United  States  (reological  Survey  bench  mark  at 
Linesville,  having  an  elevation  of  1,049.759  feet  above  sea  level,  and 
the  error  in  level  circuits  averaged,  one  inch  in  sixteen  miles. 

Owing  to  the  fact  that  a  large  portion  of  the  swamp  is  inaccessible 
except  when  frozen,  advantage  was  taken  of  the  severe  winter  of 
1912  to  survey  the  swamp  at  that  time,  the  temperature  during  work- 
ing hours  often  falling  to  18  and  20  degrees  below  zero.  The  town- 
ship lines  formed  by  the.  tortuous  channel  of  the  Bhenango  river, 
were  traversed  during  this  season  and,  so  far  as  known,  it  is  the 
first  time  these  lines  have  been  accurately  surveyed  and  located. 

Previous  to  this  survey,  49  discharge  measurements  had  been  made 
at  Sharon,  extending  from  1909  to  1912,  to  determine  the  flow  of 
the  Shenango  river,  all  of  which  have  been  referred  to  the  Chestnut 
Street  gage.  In  addition  to  the  above  data,  a  series  of  reliable  stream 
discharge  measurements,  49  in  number,  were  made  by  this  survey 
during  1912,  and  new  stations  were  established,  as  shown  by  the  fol- 
lowing table: 

TABLE  NO.  29. 
Stream  Gaging  Stations. 


Shftron,  . . 
ShAroo*  •  • 
Shftron,  . . 
GreenTiUe, 


Tumerrnie,    — 
North  Sbenango. 

Pine 

North  Bbenanffo, 


Shenango  River, 
Shenango  River, 
Shenango  River, 
Little   Shenango, 

Shenango 

Shenango,    

Shenango,     

Shenango,    

I.tnesvIIle  creek, 
Shenango, 


Pine !  Padan    creek, 


Cinder  Bridge,    

State    Street    Bridge 

Mill   Street   Bridge 

Quaker   Bridge 

Main   Street   Bridge 

Porter   Bridge,    

Turner    Bridge 

Pollockfi  Bridge 

P.    R.    R.    Bridge   No.   17 

P.    R.    R.    Bridge   No.    18 

Padanaram  Swarap  Road  Bridge. 


4 
4 
2 
7 
8 
2 
15 
5 
4 
2 
1 
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For  the  purpose  of  keeping  a  record  of  the  high  and  low  water  con- 
ditions along  the  river  and  throughout  the  swamp,  18  points  were 
selected  on  the  several  bridges  over  the  streams,  the  elevations  of 
which  were  referred  to  the  system  of  levels  previously  described.  The 
following  is  a  list  showing  the  points  at  which  records  have  been 
taken  from  February,  1912,  to  date. 

TABLE  NO.  80. 
List  of  Gages  For  Observing  Periodical  Overflows. 


- 

• 

1 

stream. 

Loeatlon. 

« 

Descriptian. 

■ 

hi 

1 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


Shenango,     

Shenango,     

Shenango,     

Linesville  creek, 
Lines ville  creek, 
LineflylUe  creek, 
Llnesville  creek, 
IJnesvllle    creek, 

Shenango 

Padan  creek,  ... 
Padan  creek,   ... 

Shenango,  

Shenango,  

Shenango 

Shenango,  

Shenango,  

Shenango,  

Shenango,  


Sadsbury,    Blair    Road    Bridge,    

Sadsbury,   B.  &  L.   E.   Trestle 

North  Shenango,   Corduroy   Koad   Bridge,    

liinesTiUe,    Brie    Street    Bridge,    

Llnesville,     Bundays    Wier,   

Llnesville,    below   Bandays  Mill,    

Llnesville,    BuUistown    Bridge,    

Llnesville,    P.   E.   R.   Bridge   No.   17.    

North  Shenango.  P.  R.  R.  Bridge  No.  18 

Pine,    Plnley'i   Bridge,    

Pine,    Swamp   Road    Bridge 

North  Shenango,    Pollocks  Bridge,    

North   Shenango,    Manning   Bridge,    

North  Shenango,  Andover  Highway  Bridge,  .... 
North  Shenango,  Westford  Highway  Bridge,  .. 
North  Shenango,  2d  Bridge  above  Tamers,    .... 

North  Shenango,  1st  bridge  above  Tamers,   

North   Shenango,    Tamersville   Bridge,    


18.37 

19.91 

17.16 

17.22 

17.1& 

17.00 

16.60 

16.62 

16.18 

16.10 

1S.02 

11.40 

9.6» 

8.30 

4.16 

2.61 

i.n 

0.00 


Mark. 

Mark. 

Mark. 

Mark. 

Staff    gage. 

Wler. 

Mark. 

Wier  and  mark. 

Mark. 

Mark. 

Mark. 

Staff    gage. 

Mark. 

Mark. 

Staff    gage. 

Mark. 

Mark. 

Staff    and    chain 
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Below  the  dam  site  thirty-one  points  were  selected  throughout  a 
distance  of  65  miles,  from  the  TurnerviUe  Bridge  to  the  Rainej  Dam 
at  Mahoningtown,  all  of  which  were  separately  referred  to  the  United 
State  Geological  Survey  bench  marks  in  their  vicinity.  Information 
for  a  study  of  flood  control  was  obtained  at  tiiese  stations  at  times 
of  unusual  low  and  high  water ;  and  the  points  at  which  the  observa- 
tions were  taken  are  shown  in  tiie  following  table: 

TABLE  NO.  31. 
LfOcation  of  Points  for  High  and  Low  Water  Conditions. 


2 

a 

a 


Stream. 


Mllea   Below   TurnerviUe. 


Location   Mark. 


Shenango 

Shenango 

Shenango*  

Shenango,  

Shenango,  

Shenango,  

Shenango,  

Little  Shenango, 

Shenango,  

Shenango 

Shenango.  

Shenango, 


1 
•» 

A* 

S 

4 

5 

« 

7 

8 

9 
10 
11 
12 
Ig  Shenango, 


14 
15 
IS 
17 
18 
1» 
20 

n 


24 

25 


Shenango, 
Shenango, 
Shenango, 
Shenango. 
Shenango, 
Shenango, 
Shenango, 
Shenango, 
ShMiango. 
Shenango, 
Shenango, 
Shenango, 


26  <  Shenango, 

27  Shenanro, 

28  Shenango, 

29  Shenango, 
to  Shenango, 
n    Shenango, 


2.55 
2.60 
.40 
.80 
.80 
9.05 
9.10 


3. 
4. 

7. 


11.57 
12.87 
17.22 
17.27 
17.45 
21.08 
24.82 
I'd.  00 
29.90 
31.55 
33.80 
33. 9  > 
34.60 
37.62 
3S.10 
38.20 
40.10 
41.18 
45.25 
60.86 
64.55 
62.60 
66.16 


Jamestown  Dam 

Jamestown    Highway    Bridge,    

P.    R.    R.    Bridge   No.   23,    

Highway  Bridge,   South  Jamestown 

Ureenvlile,    Porter   Bridge,    

Greenville,    Mathers   Dam 

Greenville,    Main   Street   Bridge 

Greenville,    Quaker   Bridge,    

Shenango,    Wasser  Bridge,    

Hamburg.    Kldds   Mill   Bridge 

Hamburg,  Hamburg  Dam, 

Hamburg,    Highway    Bridge 

Hamburg,  Frantz  Mill,  

Hamburg.   Big   Bend   Bridge,    

Fruits   Mill,    Highway   Bridge 

ClarksviUe,    Highway    Bridge,     

GlarksvlUe,    P.    R.    R.    Bridge,    

Sharpsville,     Slackwater    Bridge 

SharpsviUe,    Canal   Ix>ck  and   Dam,    

Sharpsville,   Upper  Furnace  Bridge,    

Sharpsville,    Mercer  Street   Bridge 

Sharon,  Mill  Street  Bridge,    

Sharon,    State    Street    Bridge.     

i  Sharon,    Chestnut    Street   Bridge 

Farrell,    Carnegie  Bridge,    

Wheatland,   Wheatland  Bridge,   

West    Middlesex,    Highway    Bridge,    

PuUski,    Highway    Bridge,    

Nashua,    Highway   Bridge.    

New  Castle,   Washington  Bridge,    

Mahonlngtown,  High.  Bridge  above  Rainey  Dam, 


Mark  on  abutment 

Mark   on  floor. 

Mark. 

Mark. 

Mark. 

Staff    gage. 

Chain  gage. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Mark. 

Top  coping. 

Mark. 

Mark. 

Mark. 

Mark. 

Staff    gage. 

Staff   gage. 

Mark. 

Mark. 

Mark. 

Mark. 

Tack. 

Mark. 


The  information  npon  which  the  foregoing  report  is  based,  has 
been  filed  in  the  office  of  the  Commission. 
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WEST  BRANCH  DELAWARE  RIVER. 


DESCRIPTION  OF  BASIN. 

This  stream  has  its  source  in  a  small  lake  almost  on  the  line  of 
Schoharie  and  Delaware  counties,  New  York,  at  an  elevation  of  ap- 
proximately 1,900  feet  above  sea  level,  on  the  western  slope  of  the 
Catskill  mountains  and  drains  a  total  of  660  square  miles.  It  flows 
southwesterly  through  a  hilly,  plateau  region,  well  populated  in  the 
main  valley,  and  the  hills  well  timbered,  to  Deposit,  about  5  miles 
above  the  State  Line,  where  it  turns  southeast  and  in  about  5  miles 
joins  the  East  Branch  at  Hancock,  New  York.  About  8  miles  above 
Deposit  at  Cannonsville  is  the  site  of  a  large  storage  reservoir  pro- 
posed by  the  State  Water  Supply  Commission  of  New  York  to  flood 
a  long,  broad  valley,  and  contain  approximately  7,000,000,000  cubic 
feet  available  storage. 

,  At  Hancock,  the  elevation  is  895  feet  above  sea  level,  and  the  rise 
from  there  to  Cannonsville,  16  miles  above,  is  at  the  rate  of  7  feet 
per  mile,  while  above  this  point  the  slope  is  steeper.  In  the  upper 
section  there  are  numerous  lakes,  ponds  and  swampy  areas,  the  basin 
being  relatively  long  and  narrow  with  numerous  short,  lateral  tribu- 
taries. The  largest  tributary  is  Oquaga  creek,  which  comes  in  at  De- 
posit from  the  west.  The  mean  annual  precipitation  over  this  water- 
shed is  approximately  40  inches. 

The  discharge  of  this  stream  has  been  measured  since  October, 
1902,  at  Hancock,  N.  Y.,  near  its  mouth. 


DELAWARE   BASIN— STATION   NO.    1 


WEST  BRANCH  DELAWARE  RIVER  AT  HANCOCK,  N.  Y. 


DESCRIPTION  OF  STATION. 

This  station  was  established  October  15,  1902,  by  the  United  States 
Geological  Survey  for  the  United  States  Weather  Bureau.  It  is  lo- 
cated at  the  toll,  suspension  bridge  half  a  mile  west  of  the  Erie  Rail- 
road station  at  Hancock,  N.  Y.,  and  about  one  mile  above  the  junction 
of  the  east  and  west  branches. 

The  channel  is  straight  for  400  feet  above  and  800  feet  below  the 
bridge.  The  current  is  swift.  Both  banks  are  high  and  rocky,  and 
are  not  subject  to  overflow.  The  bed  of  the  stream  is  composed  of 
sand,  gravel  and  cobble-stones. 


Discharge  measurements  are  made  from  the  downstream  side  of  the 
bridge,  on  which  the  gage  is  located.  The  bridge  has  a  single  span 
of  235  feet.  The  initial  point  for  soundings  is  the  top  of  the  face  of 
the  left  abutment  on  the  downstream  side. 

The  original  wire  gage  was  attached  to  the  upstream  side  of  the 
bridge.  It  was  replaced  July  20,  1903,  by  a  standard  chain  gage. 
The  location  and  the  gage  datum  were  not  changed.  The  length  of 
the  chain  from  the  end  of  the  weight  to  the  marker  is  29.39  feet.  The 
gage  is  read  once  each  day  by  David  Pulver,  the  collector  of  tolls  at 
the  bridge.  The  bench  mark  is  a  circular  chisel  draft  on  the  up- 
stream corner  of  the  left  abutment.  Its  elevation  is  24.25  feet  above 
gage  datum.  The  elevation  of  the  top  of  the  pulley  is  30.54  feet  above 
gage  datum. 

The  high  water  stage  is  probably  affected  by  backwater  from  the 
East  Branch  of  the  Delaware  river.  The  low  water  stage  is  con- 
trolled by  riffles  about  800  feet  below  the  station,  but  frequent  changes 
in  conditions  of  flow  require  many  measurements  and  new  ratings 
each  year.  During  the  winter  months  the  discharge  is  affected  con- 
siderably by  ice. 

This  station  has  been  operated  by  the  United  States  Weather 
Bureau,  in  conjunction  with  the  United  States  Geological  Survey  and 
the  New  York  State  Engineer  and  Surveyor. 

Since  the  establishment  of  this  station,^!  discharge  measurements 
have  been  made. 

The  following  data  have  been  furnished  by  the  United  States  Geo- 
logical Survey.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  WEST  BRANCH  DELAWARE  RIVER. 

AT  HANCOCK,  N.  Y. 

(Drainage  area  660  square  miles  J 


No. 


Date. 


Hydrographer. 


a 


i 

< 


S 

• 


Remarks. 


88 
88 

40 
41 


1912 

Feb.  28 

Jalj  27 

July  27 

Not.  a 


De  Golyer, 
Weber,  .... 
Weber,  .... 
Weber,    . . . 


Feet. 
209 

Sq.  ft. 
1100 

Ft. 
per 

1.62 

Feet. 
6.90 

Sec.  ft. 
1670 

72 

64 

1.26 

S.58 

68 

66 

78 

0.88 

2.68 

60 

217 

466 

1.44 

8.71 

668 

Meaanremeot  onder  par- 
tial  ice   coTer. 

Wadioff  S  mile  abore 
vmse. 

Wadioff    I    mile    abore 

0.2  and  0.8  method. 


DISCHARGE    TABLE    FOR    WEST    BRANCH    DELAWARE    RIVER,    AT 

HANCOCK,  N.  Y.  FOR  1912. 


I 


Feet. 

2.40 
.60 
.60 
.70 
.80 
.00 

8.00 
.10 
.20 
.80 
.40 
.60 
.00 


I 


X3 


ft 


m 


^ 


.a 

«( 

o 


9 

n 
o 


Sec.  ft. 

1  Feet. 

28 

.70 

60 

.80 

76 

.90 

106 

4.00 

142 

.10 

1B2 

.20 

226 

.80 

272 

.40 

824 

.60 

880 

.60 

440 

.70 

606 

.80 

676 

.90 

Sec.  ft.  - 

Feet. 

662 

6.00 

786 

.10 

826 

.20 

918 

.80 

1010 

.40 

1110 

.60 

1210 

.60 

UIO 

.70 

142D 

.80 

1580 

.90 

1650 

6.00 

1780 

.10 

1920 

.20 

Sec.  ft. 

Feet. 

2070 

.80 

2280 

-  .40 

2100 

.60 

2670 

.60 

2760 

.70 

2980 

.80 

8120 

.90 

8810 

7.00 

8610 

.10 

8720 

.20 

8840 

.80 

4160 

.40 

4890 

.60 

Sec.  ft 
4880 
4880 
6180 
6890 


6Z10 
6600 
6790 
7090 
7400 
7720 
8O40 


Feet. 
.80 
,70 
.80 

.90 

8.00 

8.60 

9.00 

lO.OO 

11.00 


8IID 

SSN 


rii 

ino0 

2U1» 


Note.    Thin  table  in  only  applicable  aabseqnent  to  January  1,   1912  and  is  baaed  on  7  dJacbaiye 
meaanrementa  made  during  1910-11-12.   and  coincides  wltb  tbe  1910-11  curre  aboye  vage  helfbt  6.7 
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ESTIMATED   MONTHLY  DISCHARGE  OF   WEST   BRANCH   DELAWARE 

RIVER,  AT  HANCOCK,  NY. 

(Drainage  area  660  square  miles.) 


MONTH. 


Discharge   In   Second-feet. 


Ron -off. 


1912 


January,    . 
February, 
March,     . . . 

April 

May 

June 

July 

August,     . . 
September, 
October,     . . 
November, 
December, 


The  year. 


Maximum. 

Minimum. 

iiioo 

IMOO 

918 

1530 

440 

576 

60 

142 

28 

576 

60 

mo 

182 

4630 

182 

6210 

440 

4890 

880 

Mean. 


623 

628 

880O 

4290 


270  I 
59 


407 

726 

UIO 

1840 


Second-feet 

per  square 

mile. 


0.792 
0.800 
5.450 
6.500 
1.800 
0.409 
O.OM 
0.806 
0.617 
1.100 
1.680 
2.080 


1160 


1.760 


Depth  Jn 
lnclie«. 


0.91 

s.:> 

1.57 
0.46 
O-lo 
0.85 
0.6> 

i.z: 

1  <T 
2.34 

23. 9C 


Note.     River    frozen    January    7-Marcb    15,    lnclu.<}ive.      Discharge   estimated    from    one    discharigp 
measurement  under  iwrtial  ice  cover,  and  cllmatologlcal  records. 


EAST  BRANCH  DELAWARE  RIVER. 


DESCRIPTION  OF  BASIN. 

This  stream  rises  at  Grand  Gorge  in  northeast  Delaware  Counts', 
New  York,  on  the  western  slope  of  the  Catskill  mountains,  at  an 
elevation  of  1,560  feet  above  sea  level,  and  flows  southwest  through 
a  hilly,  plateau  region,  well  populated  in  the  main  valley  and  in 
those  of  some  of  the  largest  tributaries,  to  its  junction  with  the  West 
Branch  at  Hancock,  New  York.  The  headwaters  of  its  tributaries 
are  in  a  wild,  uninhabited  region,  well  timbered,,  the  highest  hills 
reaching  to  4,000  feet  above  sea  level.  Its  largest  tributary  is  Beaver 
Kill,  coming  in  about  20  miles  above  Hancock  on  which  stream  are 
many  lakes  and  ponds.  The  drainage  area  is  broader  and  tributaries 
longer  than  those  of  the  West  Branch. 

The  total  drainage  area  of  the  East  Branch  is  840  square  miles, 
over  which  the  mean  annual  precipitation  is  approximately  40  inches. 

From  its  mouth  to  Margaretville,  a  distance  of  about  55  miles,  the 
slope  is  4»30  feet,  giving  an  average  slope  of  8  feet  per  mile. 

The  discharge  has  been  measured  at  Hancock,  New  York,  since 
October,  1902. 
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DELAWARE  BASIN— STATION  NO.  2. 


EAST  BRANCH  DELAWARE  RIVER  AT  HANCOCK, 

NEW  YORK. 


DESCRIPTION  OF  STATION. 

This  station  was  established  October  14, 1902,  by  the  United  States 
Geological  Survey  for  the  United  States  Weather  Bureau. 

It  is  located  at  the  highway  bridge  one-half  mile  southeast  of  the 
Erie  Railroad  station  at  Hancock,  N.  Y.,  and  one  mile  above  the 
junction  with  West  Branch  of  the  Delaware.  The  Erie  Railroad 
bridge  is  just  below  the  station. 

The  channel  is  straight  for  600  feet  above  and  300  feet  below  the 
station.  The  current  is  swift.  Both  banks  are  of  medium  height 
and  are  not  liable  to  overflow.  The  bed  of  the  stream  is  composed 
of  rocks  and  gravel.  There  are  three  channels  at  low  water  and  four 
channels  at  high  water.  During  low  water  the  elevation  of  the  water 
surface  at  the  station  is  lower  than  the  water  surface  on  West 
Branch  of  the  Delaware,  but  there  is  no  danger  of  the  gage  heights 
being  affected  by  backwater  from  the  W^est  Branch,  as  there  is  con- 
siderable fall  between  the  gaging  station  and  the  junction  of  the 
branches. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  five  span,  iron,  highway  bridge  to  which  the  gage  is  attached. 
The  bridge  has  a  total  span  of  425.5  feet  between  abutments.  The 
initial  point  for  soundings  is  the  face  of  the  right  abutment  at  the 
top. 

A  standard  chain  gage  is  attached  to  the  lower  chord  of  the  second 
span  from  the  left  end  of  the  bridge  on  the  upstream  side.  It  was 
installed  July  21, 1903,  to  replace  the  old  wire  gage.  The  gage  datum 
was  not  changed.  The  length  of  the  chain  from  the  end  of  the  weight 
to  marker  is  32.49  feet.  The  gage  is  lead  once  daily  by  D.  B.  Van- 
Etten.  The  bench  mark  is  a  circular  chisel  draft  on  the  top  of  the 
left  abutment  on  the  downstream  side,  and  is  marked  **B.  M."  Its 
elevation  is  27.93  feet  above  gage  datum.  The  elevation  of  the  top 
of  the  gage  pulley  is  32.40  feet  above  gage  datum. 

Conditions  for  accurate  ratings  can  not  be  considered  good.  The 
high  water  stage  of  the  East  Branch  is  probably  affected  by  back- 
water due  to  gorging  at  its  junction  with  the  West  Branch.  Low 
water  discharge  is  controlled  by  a  rift  just  below  the  Erie  Railroad 
bridge,  but  frequent  changes  in  conditions  of  (low  may  require  many 
measurements  and  new  ratings  each  year.  During  the  winter  months 
the  discharge  is  affected  by  needle  ice  jamming  on  these  rifts  causing 
backwater  at  the  station. 
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This  station  has  been  operated  by  the  United  States  Weather  Bu- 
reau, in  conjunction  wtih  the  United  States  Geological  Survey  and 
the  New  York  State  Engineer  and  Sui  veyor. 

Since  the  establishment  of  this  station,  40  discharge  measurements 
have  been  made. 

The  following  data  have  been  furnished  by  the  United  States  Geo- 
logical Survey.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission. 


DISCHARGR  MEASUREMENTS  OF  EAST  BRANCH  DEIJIWARE  RIVER, 

AT  HANCOCK,  N.  Y. 

(Drainage  area  8^0  square  miles.) 


No. 


Hydrograpber. 


• 

^ 

1 

b 

• 

• 

Si 

• 

« 

% 

9 

8? 

i 

S 

< 

1 

§ 

3 

Remarks. 


1812 

87 

Feb. 

22 

88 

Julj 

27 

89 

Nov. 

20 

40 

Not. 

22 

De  Oolyer, 
Weber,  ... 
Weber,  . . , 
Weber.  ..., 


Ft. 

Feet. 

Sq.  ft. 

per 
sec. 

Feet. 

Sec.  ft. 

S14 

768 

1.6e 

6.14 

1270 

812 

828 

0.70 

2.78 

228 

288 

688 

1.68 

8.69 

1060 

278 

687 

1.65 

8.58 

910 

Ice  measnrement. 
Wading  measurement. 
0.2  and  0.8  method. 
0.2  and  0.8  method. 


DISCHARGE    TABLE    FOR  EAST    BRANCH    DELAWARE 

HANCOCK,  N.  Y.  FOR  1912. 


RIVER,  AT 


■a 

mm 

0) 


• 

• 

• 

■ 

*x 

s 

a 

s 

§ 

1 

A 

« 

« 

Si 

5 

tf 

A 

• 

& 

dS 

« 

«a 

« 

^ 

9 

Sj 

3 

jj 

J5 

Sf 

^ 

o 

p 

o 

Q 

o 

Q 

o 

Feet. 

2.40 
.60 
.00 
.70 
.80 
.90 

2.00 
.10 
.20 
.80 
.40 
.60 
.60 
.70 
.80 
.90 

4.00 
.10 


JS 

J! 

P 


Sec.  ft. 
70 
101 
144 

190 

MO 

800 

870 

440 

620 

CIO 

710 

820 

940 

1070 

1220 

1880 

1540 

ITIO 


Feet. 
.20 
.80 
.40 
.60 
.60 
.70 
.80 
.90 
5.00 
.10 
.20 
.80 
.40 
.60 
.60 
.70 
.80 
.90 


Sec.  ft. 
1880 
2060 
2260 
2440 
2640 
2850 
8070 
8290 
8520 
8760 
8990 
4280 
4480 
4780 
4990 
5250 
5520 
6790 


Feet. 

6.00 
.10 
.20 
.80 
.40 
.50 
.60 
.70 
.80 
.90 

7.00 
.10 
.20 
.80 
.40 
.60 
.60 
.70 


Sec.  ft. 

6070 

6850 

6640 

6S80 

7280 

7640 

7860 

8170 

8490 

8810 

9140 

9470 

9600 

10100 

10600 

10600 

11100 

11500 


Feet. 
.80 
.90 

8.00 
.10 
.20 
.80 
.40 
.60 
.60 
.70 
.80 
.90 

9.00 
.10 
.20 
.80 
.40 
.50 


Sec.  ft. 
11800 
12200 
12500 
12800 
12200 
18600 

•  18900 
14200 
14600 
15000 
15800 
15700 
16000 
16400 
16800 
17200 
17500 
17900 


.00 

18800 

.70 

18700 

.80 

19000 

.90 

19460 

10.00 

19800 

.10 

2Q0OO 

.20 

20600 

.80 

20900 

.40 

21200 

.60 

21700 

.00 

22100 

.70 

22500 

.80 

22900 

.90 

28800 

U.OO 

28700 

Note.    This  table  is  only  applicable  subsequent  to  January  1,  1912.  and  is  based  on  7  diacbarge 
measurements  made  during  1910-11-12,  and  Is  parallel  to  the  curve  used  for  1910-11. 
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ESTIMATED    MONTHLY    DISCHARGE    OF    EAST    BRANCH    DELAWARE 

RIVER,  AT  HANCOCK,  N.  Y. 

(Drainage  area  8^0  square  miles.) 


January,     . 
February, 
March,     . . . 

April 

May 

June 

July 

August,      . . 
September, 
October,    . . 
November, 
December, 


MONTH. 


Discharge    In    Second-feet. 


Maximum. 


1912. 


The   year. 


Minimum. 


23300 

19K00 

3750 

940 

820 

2250 

1220 

6350 

6790 

8170 


Mean. 


2440 
820 
190 
144 
104 
370 
300 
820 
820 


1240 

lOLO 

4660 

6480 

1990 

617 

288 

714 

620 

1150 

1660 

2490 


1900 


Run -off. 


Second -feet 

per  aauare 
mile. 

Depth  In 

inches. 

1.480 

1.71 

1.2D0 

1.29 

6.660 

6.40 

7.710 

8.60 

2.S70 

2.78 

0.615 

0.60 

0.343 

0.40 

0.860 

0.98 

0.738 

0.82 

1.870 

1.68 

1.980 

2.21 

2.960 

8.41 

2.260 

30.82 

Note.     River  frosen  January  9-March   15,    IncluHlve.     Discharge  estimated    from  one  discharge 
measurement  under  ice  cover,   and  cllmatologlcal  rocordfi. 


LACKAWAXEN  RIVER. 


DESCRIPTION  OF  BASIN. 

Laokawaxeii  river,  the  third  largest  tributary  of  the  Delaware 
river  in  Pennsylvania,  drains  approximately  600  square  miles  in 
Pike  and  Wayne  counties.  Rising  in  a  lake  in  the  northwestern 
part  of  Wayne  county,  it  follows  a  southeasterly  course  through  a 
well  populated  agricultural  region  to  Hawley,  approximately  13 
miles  above  its  mouth,  at  which  point  it  is  joined  by  its  largest 
tributary,  Wallenpaupack  creek;  thence  following  an  easterly  direc- 
tion through  a  narrow,  precipitous  valley,  covered  with  second  growth 
timber,  and  sparsely  inhabited,  to  its  mouth  at  Lackawaxen,  Pike 
county,  the  total  length  being  approximately  50  miles.  Its  source 
is  at  an  elevation  of  about  1,950  feet  above  sea  level,  and  its  mouth 
about  600  feet.  The  principal  tributaries  are  Dyberry,  Middle  and 
Wallenpaupack  creeks,  the  watershed  including  a  great  number  of 
lakes  and  ponds,  and  above  Hawley  it  is  wide  and  spreads  out  along 
its  several  large  tributaries,  converging  at  this  point.  The  stream 
lies  entirely  within  the  glacial  area,  the  slope  being  steep  and  the 
flow  rapid  for  most  of  its  course.    The  valley  in  its  upper  section 
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is  wide,  gradually  narrowing  as  the  stream  leaves  the  plateau,  and 
flowini;  through  a  gorge  in  the  mountains  to  the  Delaware  river.  In 
its  drainage  basin  lie  the  principal  boioughs  and  villages  of  the 
county,  several  of  which  obtain  water  supplies  from  the  tributaries 
and  lakes  in  its  watershed.  The  stream  is  used  to  a  small  extent 
for  pow^r  purposes,  while  some  sites,  are  as  yet  undeveloped.  The 
average  yearly  rainfall  over  this  watershed  is  from  40  to  45  inches. 
The  flov  of  this  stream  has  been  measured  since  July  2,  1908,  at 
Haw^ley,  approximately  13  miles  above  the  mouth. 


DELAWARE  BASIN— STATION  NO.  3. 


LACKAWAXEN  RIVER  AT  HAWLEY. 


DESCRIPTION  OF  STATION. 

This  Station  was  ^tablished  July  2,  1908,  by  the  Water  Supply 
Commission  of  Penns^'lvania,  on  a  single  span,  through  truss,  high- 
way bridge,  about  2,(X}0  feet  above  the  mouth  of  Wallenpaupack 
creek.  A  8tanda:-d  chain  irage  is  fastened  to  the  upstream  handrail 
of  the  bridge.  7he  length  (jf  chain  from  center  of  rivet  to  bottom 
of  weight  is  23.42  feet,  the  elevation  of  zero  being  arbitrary  datum.  A 
bench  mark  is  located  on  a  spike  2  feet  in  from  face  of  right  abut- 
ment, upstream  ade,  and  3  feet  up  from  ground,  rod  held  close  to 
abutment,  elevat/on  being  7.03  feet  above  zero  of  gage. 

Discharge  measurebients  are  made  from  the  upstream  side  of  the 
bridge,  and  by  wading  ^,t  loiv  stages.  The  initial  point  for  sound- 
ings is  the  outer  edge  ot  upstream  iron  handrail  post,  right  bank. 
The  channel  is  straight  for  ibout  150  feet  above  and  below  the  sta- 
tion. The  left  bank  is  high  md  not  subject  to  overflow,  while  the 
right  bank  oferflows  during  ictreme  high  stages.  The  bed  is  per- 
manent, being  composed  of  ro^  and  gravel.  Intermittent  storage 
upstream  at  Honesdale  afifects  Ve  flow  during  low  stages.  The  gage 
is  read  twice  daily  by  J.  S.  Pe^Mi. 

Since  the  establishment  of  te  gage,  eleven  discharge  measure- 
ments have  been  made.    The  dat  pi^^p  ^^  19^2  will  be  found  in  the. 
1910-11  Report  of  the  Water  Supty  Commission. 
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DISCHARGE  MEASUREMENTS  OF  LACKA WAXEN  RIVER,  AT  HAWLEY. 

WAYNE  COUNTY,   PA. 

(Drainage  area  t90  square  miles.) 


1 

1 

• 

a 

o 

& 

No. 

Date. 

Hydrographer. 

1 

« 

V 

m 

Kenarks. 

O 

► 

n 

m 

1 
1 

5 

Area 

a 
t 

9> 

m 

s 

Feet. 

Sq.  ft. 

per 

Feet. 

Sec.  ft. 

19U 

Ft. 
■ec. 

11 

March  1» 

Reckord  ft  Knight,... 

118 

872 

1.96 

8.08 

716 

0.6   mes>«ar<*ineiit. 

DISCHARGE     TABLE     FOR     LACKAWAXEN     RIVER, 

WAYNE  COUNTY,  FROM  JAN.  Ist,  1912. 


AT     HAWLEY, 


• 

«J 

«J 

■ 

.a 

A 

XA 

ja 

.a 

« 

9 

1 

1 

■ 

• 

• 

u 

o 

^ 

O 

Q 

o 

Q 

t 

Q 

O 

2 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Fee*. 

Sec.  ft. 

Feet. 

Sec  ft 

0.00 

26 

.60 

222 

8.00 

678 

.10 

1410 

6.00 

2288 

.10 

82 

.60 

244 

.10 

720 

;o 

1464 

.10 

2352 

.20 

88 

.70 

266 

.20 

764 

70 

1520 

.20 

241( 

.30 

46 

.80 

290 

.80 

806 

.80 

1576 

.10 

2tx3 

.40 

54 

.90 

814 

.40 

854 

.90 

1682 

.40 

2MS 

.60 

61 

2.00 

840 

.50 

902 

6.00 

1690 

.50 

asis 

.60 

74 

.10 

868 

.60 

960 

.10 

1748 

.60 

2fiS( 

.70 

86 

.20 

896 

.70 

SS 

.20 

1806 

.70 

2754 

.80 

100 

.80 

426 

.80 

tHS 

.80 

1864 

.80 

S631 

.90 

114 

.40 

458 

.90 

1096 

.40 

1922 

.90 

ssw 

1.00 

128 

.60 

490 

4.00 

1148 

•5J 

1962 

7.00 

S« 

.10 

144 

.60 

624 

.10 

1196 

.60 

2M2 

.a> 

162 

.70 

660 

.20 

1250 

.70 

2102 

.80 

182 

.80 

n69S 

.80 

1802 

.80 

2164 

.40 

202 

.90 

638 

M 

1836 

.90 

2226 

Note:— This  table  is  only  applicable  Hubaeiaent  to  Janaaiy  1,    19i^,   ml  ia  based   on   two  dU- 
charge  meaBurements  made  during  1912  tog^mer  with  former  curve. 
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ESTIMATED    MONTHLY    DISCHARGE    OF    LACKAWAXEN    RIVER,    AT 

HAWLEY,   WAYNE  COUNTY. 

(Drainage  area  290  square  miles.) 


January 
Fobniary, 
March,     ... 

April,    

May 

June,     

July,     

August,    . . . 
September, 
October,    . . 
November, 
December. 


MONTH. 


1912. 


The  year, 


Discharge   In   Second-feet. 


Maximum. 


Minimum. 


Mean. 


f3600 

fS7S0 

1340  > 

S04  I 

72 

196 

1420 

2260 

7G4 

1490 


553 

218 

56 

36 

29 

50 

69 

194 

214 


277 

290 

1164 

1150 

641 

182 

b? 

64 

266 

368 

801 

666 


441 


Run -off. 

Second-feet 

per  aquare 

Depth  in 

mile. 

inches. 

0.966 

1.101 

1.000 

1.079 

4.014 

4.62S 

4.069 

4.640 

2.210 

2.548 

0.455 

O.506 

0.179 

0.2D7 

0.221 

0.265 

0.817 

1.023 

1.284 

1.42S 

1.088 

1.158 

1.962 

2.250 

1.520 

20.720 

Noto:     f  ERtimatod. 

li'roni  January  7th  to  March  12th  inclusive  no  gage  heights  were  observed  and  discharge  for 
these  dates  was  estimated  from  Delaware  River  at  Port  Jervis  and  Lackawanna,  River  at 
Scranton. 


WALLENPAUPACK  CREEK. 


DESCRIPTION  OF  BASIN. 

W«illeupaupack  creek,  the  largest  and  most  important  tributary 
of  the  Lackawaxen  river,  rises  in  the  Pocono  Plateau  in  the  northern 
part  of  Monroe  county,  and  flows  in  a  general  northeasterly  direc- 
tion forming  the  boundary  between  Pike  and  Wayne  counties,  for 
approximately  30  miles,  to  its  mouth  at  Hawley,  the  total  drainage 
area  being  240  square  miles,  comprising  40  per  cent,  of  the  drainage 
area  of  the  Lackawaxen  river. 

Its  many  tributaries  quite  generally  rise  in  glacial  lakes  or 
swamps,  and,  falling  rapidly,  join  the  main  stream,  whose  slope  is 
very  flat  for  many  miles  to  within  a  mile  of  its  mouth.  Its  source 
is  at  an  approximate  elevation  of  2,100  feet,  and  for  17  miles  the 
slope  is  very  rapid,  averaging  56  feet  per  mile  to  Ledgedale,  13  miles 
ai)ove  the  mouth.    From  Wilsonville,  one  mile  above  the  mouth,  it 

/  7 

descends  285  feet  to  the  Lackawaxen  river  over  a  series  of  falls  and 
rapids,  while  above  that  point  the  fall  is  less  than  10  feet  in  12 
miles,  thus  affording  a  fortunate  combination  for  water  storage  and 
the  generation  of  water  power. 

The  valley  below  Le^lgedale  is  wide  and  swampy,  while  the  rolling 
hillsides  are  quite  largely  under  cultivation.  Along  some  of  the 
tributaries,  and  in  the  main  valley,  is  a  certain  amount  of  timber. 
The  watershed  is  comparatively  narrow  for  some  15  miles  above 
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its  mouth,  widening  out  above  to  follow  its  numerous  upper  tribu- 
taries in  Wayne,  Pike  and  Monroe  counties.  The  drainage  area  is 
sparsely  inhabited  and  contains  practically  no  settlements. 

The  creek  and  its  tributaries  are  not  used  for  water  supply  pur- 
poses, and  to  a  limited  extent  for  water  power  below  Wilsonville. 

The  average  yearly  rainfall  over  the  watershed  is  approximately 
43  inches. 

The  flow  has  been  measured  since  July  3,  1908,  at  Wilsonville,  one 
mile  above  the  mouth. 


DELAWARE  BASIN— STATION  NO.  4. 


WALLENPAUPACK  CREEK  AT  WILSONVILLE, 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania,  July  3rd,  1908,  on  a  two  span,  steel,  through  truss, 
highway  bridge  at  Wilsonville,  about  one  mile  above  the  mouth,  but 
gage  readings  were  not  commenced  until  June  1,  1909.  A  12-foot 
staff  gage  is  bolted  to  the  downstream  face  of  the  center  pier,  the 
zero  of  the  gage  being  arbitrary  datum.  Bench  mark  No.  1  is  on  a 
small  projection  on  right  abutment,  downstream  corner,  5.2  ft.  down 
from  bridge  seat,  the  elevation  being  3.923  feet  above  zero  of  gage. 
Bench  mark  No.  2  is  highest  point  on  round  stone  3.3  feet  from  tele- 
graph pole  and  9.0  feet  from  downstream  corner  of  right  abutment; 
elevation  6.16  feet  above  zero  of  gage. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge,  and  by  wading  at  low  stages.  The  initial  point  for  sound- 
ings is  top  edge  of  bridge  seat,  left  abutment,  downstream  side. 
The  channel  both  above  and  below  the  station  is  straight.  The  right 
Imnk  overflows  for  a  space  several  hundred  feet  wide  at  high  stages, 
but  the  left  bank  does  not  overflow.  The  bed  is  solid  rock  and  per- 
manent. The  gage  is  read  twice  daily  by  Mrs.  George  Heickelbeck, 
except  for  the  period  of  the  year  when  flashboards  are  placed  on 
the  dam. 

During  low  water,  gage  readings  have  to  be  discontinued  on  ac- 
count of  storage  of  water  during  the  night  by  placing  flashboards 
on  a  low  dam  65  feet  downstream  from  the  gage.  Changes  in  this  dam 
have  affected  the  gage  heights  from  time  to  time,  causing  some  un- 
certainty as  to  their  accuracy. 
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Since  the  establishment  of  this  station,  ten  discharge  measure^ 
ments  have  been  made,  four  of  which  were  taken  with  the  flash- 
boards  on  the  dam.  Owing  to  an  insufficient  number  of  discharge 
measurements,  no  rating  curve  has  yet  been  determined,  and 
therefore,  only  the  discharge  measurements  and  gage  heights  are 
published.  The  data  prior  to  1912  will  be  found  in  the  1910-11  Re 
port  of  the  Water  Supply  Commission. 


DISCHARGE 


MEASUREMENTS     OF     WALLENPAUPACK 
WILSONVILLE,  WAYNE  COUNTY,  PENNA. 

(Drainage  area  fiJ^O  square  miles.) 


CREEK,     AT 


No. 


Date. 


10 


1912 


July       1 


Hydrograpber. 


LAnfrenbelni, 


. 
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•1 

Ft. 

Feet. 

Sq.  ft. 

per 
sec. 

Feet. 

Sec.  ft. 

114 

358 

0.32 

2.31 

1          "* 

1 

Remarks. 


Surface       meararpmeat 
Hash  boards  on  dam. 
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SHOHOLA  CREEK. 


DESCRIPTION  OF  BASIN. 

Shohola  creek,  a  tributary  of  the  Delaware  river,  and  one  of  the 
largest  joining  that  stream  in  Pike  county,  drains  about  90  square 
miles  of  mountainous,  forested  and  practically  uninhabited  territory 
in  the  northern  portion  of  that  county.  It  rises  on  the  eastern  slope 
of  the  Pocono  mountains  at  an  elevation  of  approximately  1,800  feet 
above  sea  level,  in  many  lakes  and  ponds,  abutting  the  watersheds 
of  Bushkill,  Wallenpaupack  and  Kaymondskill  creeks,  and  flows 
first  in  a  general  easterly  direction  through  a  glaciated  country,  with 
comparatively  steep  slopes,  alternating  with  occasional  swampy 
areas.  About  12  miles  above  its  mouth  the  stream  turns  to  the  north- 
east and  enters  a  broad,  flat,  ancient  lake  bed,  some  five  miles  long, 
the  maximum  width  being  over  one  mile,  lying  at  an  elevation  of 
approximately  1,150  feet  above  sea  level.  The  current  in  this  section 
of  the  stream  is  very  sluggish  and  the  valley  flat  and  swampy.  At 
the  outlet  of  this  swamp  a  low  earth  dam  has  been  erected  10  or 
15  feet  high,  which  forms  an  extensive  lake  in  the  lower  portion  of 
the  swamp,  and  is  used  for  floating  logs.  Immediately  below  the 
outlet  of  the  swamp  the  stream  falls  over  a  hard  sandstone  ledge, 
descending  in  an  abrupt  fall  about  75  feet,  and  continuing  for  about 
6  miles  to  its  mouth  through  a  steep  and  narrow  valley,  falling  in 
this  distance  about  600  feet  from  the  head  of  the  falls  to  the  Dela- 
ware river.  For  the  most  part  this  valley  is  wild  and  gorge  like 
and  uninhabited,  but  near  the  mouth,  are  a  few  farms,  where  the 
valley  widens,  and  at  the  mouth  up  on  the  river  blufifs  is  the  town 
and  railroad  station  of  Shohola. 

The  main  tributaries  are  Rattlesnake  Brook,  coming  in  about  two 
miles  above  the  falls  from  the  south,  and  draining  about  13  square 
miles,  and  Greeley  creek,  coming  in  about  two  miles  below  the  falls 
from  the  north,  and  draining  about  15  square  miles.  The  entire 
stream  is  at  present  unused,  except  for  logging.  The  numerous  lakes 
on  the  water  shed,  together  with  many  springs  which  feed  it,  con- 
tribute to  make  a  considerable  flow  throughout  the  dry  seasons. 

The  average  yearly  rainfall  over  this  watershed  is  approximately 
43  inches. 

The  flow  has  been  measured  since  September  22,  1911,  at  Lords 
Valley,  15  miles  above  the  mouth,  at  which  point  the  tributary  drain- 
age area  is  approximately  32  square  miles. 


t  r.ords  Vnllp3-,  Pike  County. 
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DEIAWARE  BASIN— STATION  NO.  5. 


SHOHOLA  CREEK  AT  LORDS  VALLEY. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania,  on  September  22nd,  1911,  on  a  single  span,  iron  high- 
way bridge.  A  standard  chain  gage  is  fastened  to  the  upstream 
guard  rail  of  the  bridge.  The  length  of  chain  is  13.00  feet  from  the 
bottom  of  weight  to  center  of  rivet,  the  elevation  of  zero  being  arbi- 
trary datum.  B.  M.  No.  1  is  top  stone  of  upstream  corner  of  left 
abutment  cut  out  with  cross  and  B.  M.  cut  in  stone  on  top;  elevation 
9.90  feet  above  gage  datum. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge,  or  by  wading,  the  initial  point  for  soundings  being  the 
left  end  of  downstream  handrail.  The  channel  both  above  and  below 
the  bridge  is  straight,  but  passes  under  it  at  a  slight  angle,  with 
rock  and  gravel  bottom,  the  right  bank  being  high  and  not  subject 
to  overflow,  while  the  left  bank  is  only  subject  to  overflow  at  ex- 
tremely high  stages.    The  gage  is  read  twice  daily  by  Oswald  Vennie. 

Since  the  establishment  of  the  gage  3  discharge  measurements 
have  beeiw  made.  Therefore,  no  rating  curve  has  been  determined, 
and  only  the  (^charge  measurements  and  gage  heights  are  published. 

The  data  prior  t<.  1912  will  be  found  in  the  1910-11  Report  of  the 
Water  Supply  Commiss>*^„, 

DISCHARGE     MEASUREMENTS     OF     SHt^nj*      prrkk       AT     LORn<5 
^  VALLEY,  PIKE  COUNTVVo^  ^^^*'''*^'     ^^     i^OKDSs 

(Drainage  area  32  square  miles.) 


No.       Pate. 


I!n2 

June       6 
Joly       1 


Hy.lrographer. 


t 


Gannett.     . . 
lAngenhein. 


Feet. 

19 

20 


a 
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• 

t>v 

0 

u 

1* 

Cj 
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A 
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0 

od 

M) 
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Sq.  ft. 


19 
15 


OB 


Ft 

per 

sec. 

1.80 

0.77 


I 


Feet.  ,  Sec.  ft. 


4(o 


83.  ^ 
11.6 


Remarks. 


Wnd'n?       nxasurrment 

\VH«lin;f       lucaHuroMiont 
75  feet  below  br!(ljj»». 
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RATTLESNAKE  BROOK. 


DESCRIPTION  OF  BASIN. 

Rattlesnake  Brook  is  one  of  the  largest  tributaries  of  Shohola 
creek,  joining  that  stream  about  two  miles  above  the  falls,  and 
about  8  miles  above  its  mouth,  coming  in  from  the  south  and  drain- 
ing a  wild  and  uninhabited  area  of  about  13  square  miles.  The  val- 
ley of  this  stream  is  flat  and  swampy  for  three  or  four  miles  above 
its  mouth,  then  rises  abruptly  to  its  sources,  which  are  at  an  eleva- 
tion of  about  1,600  feet  above  sea  level,  where  it  meets  the  head- 
waters of  the  Bushkill  and  Raymondskill  creeks  and  flows  in  a  gen- 
eral northerly  direction  to  its  mouth.  The  stream  is  approximately 
8  miles  long. 

The  average  yearly  rainfall  over  this  watershed  in  from  40  to  45 
inches. 

The  flow  has  been  measured  since  September  22,  1911,  at  the  cross- 
ing of  the  Spring  Brook  road  about  two  miles  above  the  mouth 
of  the  stream. 


DELAWARE  BASIN-STATION  NO.  8. 


RATTLESNAKE  BROOK  AT  SPRING  BROOK. 


DESCRIPITON  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania,  September  22nd,  1911,  at  a  single  span,  open  wooden 
bridge,  two  miles  above  the  mouth  of  Rattlesnake  brook  on  the 
Spring  Brook  Road.  A  five-foot  staff  gage  is  fastened  to  the  up- 
stream side  of  the  logs  forming  the  right  abutment,  and  the  eleva- 
tion of  zero  of  the  gage  is  zero  of  an  arbitrary  datum.  B.  M.  No.  1 
is  on  nail  in  root  at  base  of  swamp  maple,  2  feet  in  diameter,  18 
paces  from  center  of  bridge  on  right  bank;  nail  in  root  facing  road 
and  nearest  bridge,  tree  burned  on  side  nearest  road,  also  rotted 
on  same  side;  elevation  4.05  feet  above  gage  datum. 

Discharge  measurements  are  taken  from  the  upstream  side  of  the 
bridge,  and  by  wading,  while  the  initial  point  for  soundings  is  the 
face  of  the  logs  forming  the  left  abutment.    The  channel  is  straight 
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for  30  feet  above,  and  80  feet  below  the  station.  Both  banks  are 
high  and  not  subject  to  overflow,  and  the  bed  consists  of  gravel  and 
mud.    The  gage  is  read  twice  daily  by  August  Tampier. 

Since  the  establishment  of  the  gage  four  discharge  measurements 
have  been  made.  Therefore,  no  rating  curve  has  been  determined, 
and  only  the  discharge  measurements  and  gage  heights  are  published. 
The  data  prior  to  1912  will  be  found  in  the  1910-11  Report  of  the 
Water  Supply  Commission. 


DISCHAliCJE  ^IKASUREMKNTS  OF  RATTLESNAKE  BROOK  AT  SPRING 

BROOK,   PIKE  COUNTY,  PA. 

(Drainage  area,  11  square  miles.) 
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DELAWARE  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Delaware  river  rises  at  an  elevation  of  about  1,900  feet  abov*' 
sea  level,  in  two  branches,  in  the  Gatskill  mountains  of  eastern  !New 
York,  flowing  southwesterly  and  uniting  at  Hancock  on  the  New 
York-Pennsylvania  boundary,  at  an  elevation  of  895  feet.  From  this 
point  a  general  southerly  course  is  followed  to  the  mouth  in  Dela- 
ware Bay,  the  river  forming  the  eastern  boundary  of  Pennsylvania, 
and  dividing  it  from  New  York  for  60  miles  and  from  New  Jersey 
for  170  miles. 

The  total  length  of  the  river  is  approximately  410  miles,  and  iu 
drainage  area  above  the  Pennsylvania-Delaware  line  is  10,900  square 
miles.  The  major  tributaries  are  the  Lackawaxen,  Lehigh  and 
Schuylkill  rivers,  and  numerous  large  creeks  from  Pennsylvania; 
Neversink  river  from  New  York,  and  Flat  Brook,  Paulins  Kill,  Pe- 
quest,  Lepatcong,  Pohatcong  and  Muscenetong  rivers  from  New  Jer- 
sey. 

Its  upper  section  is  in  a  mountainous,  sparsely  inhabited  and  well 
timbered  region,  continuing  through  northern  Pennsylvania  and  New 
Jersey.  After  cutting  through  the  Kittatinny  ridge  at  Delaware 
Water  Gap  it  emerges  into  the  broader  valley  below,  where  the  popu 
lation  becomes  more  dense,  the  land  is  largely  cultivated  and  tlie 
timber  less  general. 

Above  Trenton,  the  head  of  tidewater,  30  miles  above  Philadelphia, 
the  stream  is  generally  swift  and  shallow,  flowing  on  a  rocky  bed 
with  numerous  riffles  and  several  considerable  rapids.  The  slope 
from  the  northern  boundary  of  New  Jersey  to  Trenton  is  3.5  feet 
per  mile,  and  above  this  point  to  the  Pennsylvania-New  York  line 
it  averages  6  feet  per  mile.  The  upper  section  is  in  the  once  glaciated 
region  and  the  tributaries  drain  numerous  lakes,  ponds  and  swamps 
throughout  New  York,  upper  Pennsylvania  and  New  Jersey. 

The  stream  is  used  considerably  in  its  lower  section  for  domestic 
and  industrial  supply  in  New  Jersey  and  Pennsylvania,  but  the 
water  power  opportunities  of  the  upper  Delaware,  although  consid- 
erable, are  undeveloped. 

In  Pennsylvania  the  cities  of  Philadelphia,  Easton,  and  Chester 
lie  on  the  river  banks,  while  on  tributaries  are  South  Bethlehem. 
Allentown,  Norristown,  Pottstown,  Reading,  Pottsville  and  many 
smaller  communities. 

A  portion  of  the  anthracite  coal  region  lies  at  the  headwaters  of 
the  Schuylkill  and  Lehigh  rivers,  and  a  large  limestone  area  is 
drained  by  the  lower  tributaries  of  these  streams. 
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The  Delaware  basin  in  Pennsylvania  is  subject  to  an  average  an- 
nual precipitation  of  46.1  inches,  the  upper  part  receiving  35  to  40 
aches,  and  the  major  portion  lying  within  the  45  to  50  inch  zone. 
?he  area  of  highest  precipitation  in  the  State,  50  to  55  inches,  lies 
it  the  headwaters  of  the  Schuylkill  river. 

The  flow  is  ntieasured  at  Rieglesville,  N.  J.,  and  Port  Jervis,  N. 
r.,  the  former  since  July  3,  1906,  and  the  latter  since  October  12, 
1004.  A  station  was  operated  at  Lambertville,  N.  J.,  from  July  22, 
IS97,  to  April  1,  1908. 


DEI Jl WARE  BASIN— STATION  NO.  7. 


DELAWARE  RIVER  AT  PORT  JERVIS,  NEW  YORK. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Weather  Bureau, 
October  12,  lOOJr,  on  the  two  span,  steel,  through  truss,  toll,  high- 
way bridge  between  Port  Jervis,  New  York  and  Matamoras,  Penn- 
sylvania. A  standard  chain  gage  is  fastened  to  the  railing  on  the 
light  span,  downstream  side,  near  the  pier.  The  length  of  chain 
from  center  of  rivet  to  bottom  of  weight  is  36.52  feet,  and  the  eleva- 
tion of  zero  of  gage  above  mean  sea  level  is  414.89  feet.  There  are 
three  bench  marks,  as  follows:  B.  M.  No.  1  is  a  cross  on  doorsiU  of 
{icbool  house  on  Thompson  street,  near  Water  street.  Port  Jervis,  at 
elevation  of  27.75  feet  above  zero  of  gage;  B.  M.  No.  2  is  top  of  down- 
stream left  corner  of  pier  of  toll  bridge,  at  elevation  of  29.92  feet 
above  zero  of  gage;  B.  M.  No.  3  is  top  of  right  abutment  of  toll 
bridge  at  apex  of  angle  caused  by  junction  of  downstream  wingwall, 
at  elevation  of  29.02  feet  above  zero  of  gage. 

Discharge  measurements  are  made  from  either  the  upstream  or 
downstream  sid^  of  bridge,  and  IJie  initial  point  for  soundings  is 
the  top  edge  of  bridge  seat  of  Port  Jervis  abutment.  The  channel 
of  the  river  above  and  below  the  station  is  straight,  with  high  banks, 
which  do  not  overflow,  and  a  bed  of  permanent  rocks  and  gravel. 
This  gage  is  read  once  daily  by  Jacob  Miller,  toll  collector  at  the 
bridge,  and  by  co-operation  with  the  Weather  Bureau,  weekly  re- 
ports are  received  by  the  Water  Supply  Commission. 

Considerable  difficulty  has  been  experienced  in  maintaining  the 
data  of  the  gage  constant.  September  4,  1908,  a  careful  investiga- 
tion was  made  and  in  order  to  avoid  negative  readings,  a  change 
in  the  original  datum,  as  nearly  as  could  be  determined,  of  about  2 
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feet  was  made.  A  correction  varying  from  1.7  feet  to  2.0  feet  adde*] 
to  gage  heights  prior  to  September  4th,  1908,  so  that  all  gage  heij^lits 
published  refer  to  the  same  datum. 

The  gaging  section  is  affected  by  ice  to  greater  or  less  extent  each 
winter. 

Since  the  establishment  of  this  gage,  37  discharge  measurement.'* 
have  been  made.  These  measurements  have  been  made  bv  the  T"niie<l 
States  Geological  Survey,  New  York  State  Engineer,  and  the  Water 
Supply  Commission  of  Pennsylvania.  The  data  prior  to  1912  will  be 
found  in  the  1910-11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  TABLE  FOR  DELAWARE  RIVER,  AT  PORT  JERVIS,  N.  T., 

FROM  JANUARY  1ST.  TO  DEC.  31ST.,  1912. 


.a 

el 


9> 

8? 

m 
.a 


Feet. 

Sec.  ft. 

0.70 

180 

.80 

225 

.90 

275 

1.00 

380 

.10 

890 

.20 

450 

.30 

520 

.40 

590 

.50 

665 

.60 

740 

.70 

825 

.80 

920 

.90 

1080 

2.00 

1150 

.10 

laso 

.20 

1420 

.30 

1670 

.40 

1730 

.50 

1900 

.a 
bo 

"3 

.a 

« 

at 
O 


Feet. 
.60 
.70 
.80 
.90 

8.00 
.10 
.20 
.80 
.40 
.50 
.60 
.70 
.80 
.90 

i.OO 
.10 
.20 
.30 
.40 


m 

OD 


Sec.  ft. 
2080 
2260 
2450 
2650 
2860 
3060 
8320 
3580 
3860 
4150 
4450 
4770 
5100 
5440 
5S0O 
6160 
6530 
6910 
7800 


.a 

0) 
Ml 


Feet. 
.50 
.60 
.70 
.80 
.90 

5.00 
.10 
.20 
.80 
.40 
.50 
.60 
.70 
.80 
.90 

6.00 
.10 
.20 
.30 


O 

OS 

O 


Sec.  ft. 

Feet. 

7700 

.40 

8100 

.50 

8&10 

.60 

89S0 

.70 

9350 

.80 

9780 

.90 

10220 

7.00 

10670 

.10 

11130 

.20 

11590 

.30 

1206O 

.40 

12540 

.50 

13080 

.60 

13540 

.70 

14060 

.80 

14590 

.90 

15130 

8.00 

15680 

.10 

16240 

.30 

0) 

tx 


Sec.  ft. 
16810 
17890 
17990 
18600 
19220 
1»!50 
20500 
2U60 
21830 
22S10 
23200 
2S900 
24610 
25S20 
26010 
267T0 
27500 
2S240 
28980 


.a 
"3 

o 
O 


Feet. 

.80 
.40 
.60 
.60 
.70 
.80 
.90 
9.00 
.10 
.20 
.80 
.40 
.60 
.00 
.TO 
.80 
.90 
10.00 


x: 


Sec.  ft 

su:- 

J1>T 

JO* 

ST- 

r!3 

S3ev 


Note.     This   table   Is   only   applicable   subsequent   to   January   1,    1912,    and   1»   based  oo  tb^'•■ 
discbarge  meaRurements  made  during  1911  and  1912  together  with  the  former  curve. 


81 


o 


O 
Pu 


K 
Q 

O 

o 


;z; 

m 

< 


o 

H 


O 


o 


p 


5h 


^ 
•< 

a 


< 


^ 


C5 


as 
Q 


n 


SB 

Q 


S 


BB 


S 

o 


< 


^^ftQ*^  ©oqoo  o^oc>o  ooooo  ©i-~oo©  OQC>OQO 

^IQNQO  CCOOM.O  1-^tD'VUPCO  «OU30C«OCg  rHrH<«-t«r-  inidt~i?iSc< 

QQWrt^^'w  r^»HT-jt:»^  Oit^'^^w  oor-'ift'a'Oi  o:r    -n-r-t^  'T<'-'"-'-i6og> 

?!)MMd>'«f<  o»tn^<93oo  (ctous'^'eo  M'^raecwc  to<oiC'«f'v  '^'^'^-rMOi 


00»S^«>0        0<-<lAO<P        Mr-iOXOeO        OlOCQ'^00         OQCOOf-l^         lAmt-US'^CO 

eQe<9eo<e«e      ujtDiout^      •f^coeoM      Mconea^      ^'^oQeoee      mmmmm'^ 


80000 
»o  I—  r^  oo 
—  r-t  r-  f-  rt 


8e      9SC09      oooo< 


«iot-t^eo     e<]e-<4'ATH      oo«eoAO»      wiaeor-to      oeo>ooc4     toua^eor-i 
^MMMCQ     MMMU3U3      ^<«<-^com     MooeoeQM     Mcoe^JNeo     oieOMeoeq 


C4i 


>ooo       OOOOO       OdoOO       Q^fififi 
"QCO       t^NRoOOB       SQMK'agQ       lAiAmMra 

Clr4        r^THiHr^rH        H  «^  rH  t-J  tH        ^  rH  tH  tH  tH 


g^t>tO(OIO        oaMeqrlfH        r-lT-4f-ier-«        OOAAOa        AAO00U3        kO'^POGlOCO'^ 
0(|»JN»)C<i        e4frj»4M'eii       O^MCJnM        NNi-IrHT-J       rHrHM<^t^       Oirt  •♦"'*'««'♦ 


Sr^osCfC'S      SioSSm      SSS^9      «<SmiaSsq      §Str)>n5i      f-iSr^aoS    • 
»y^23fia     K^s5»«'      '♦osasoot"-      «60iJ.-i^t     ^5 '*'-•»-< f9     S5?t*i2f8    ' 


^Meoeoo     OM«oia^      iNoooer-v      u')o>oo>-4      Mciooti      eooi-eoci 
es^cBtocoeo     MCvieie^ei      Mr-«rHr-ir-i      ththnc^n      e^e^e^ieam     '4-^tinw 


S^nSia      S^^Xa      SSioSS      ioSoqi-tS      wr-'-^       ^inOC^txQC 
zAsRitiia-^      C3iai£tai2      cctt^co^      »-n-»}lii5«      •-t.'sC'^O      oo  jp « i- tr:  *i 

'°  e>5*-43lri?H         »-«r-»fHT-<ri         »-tt-iCl<MS5        NCviT-iT-li-inH 


.»9eoeo94      i-ieoeo^^      c^moiiAM      ooi-ieoi.'^      '^•pbcoooih      O90o-«e««-i. 

IWr-irHi-t        rHrHrHrHrH        M^e^Meq        C4  C3  C4  04  OQ        e>)  C'i  C  4  C'i  CO        M  CJ  M  C]  M  04 


^^AdSin      %^A^«      C'liQQmS      '^^SiAt'-      ?iFi?t'<r'^      <d0>^?i^S 

SV^k'S'**'        iAiAbSUdtS        LO^cStOiO        t^l-fHi-ltn        OitXAtot^        tttiAW^LSb^tO 


lisus^'^M     '^M'^eeec     cQMus^eo      tDteoom     eoooootDte      io^mob'^'^ 

rHiHrHTHr-i        rHrHrHrHf-i        .Hf-irHi-^*-!         f-ii-ieMfr)e4        rHi-4i-if-4i-4        tHr-4T-4THf-«i-4 


§fS§S  §!?K§1  «iS«-*  ?«12§g  SSgSa  !^$P8i8 

M0<hM9       «QrHC>nfi«       OAf-iain        tAtfi^^M       «-l<-iO«»03       00(-t-W)(O 
MM^C^BQ       e^Trm^el       5lT-«»HrHt-4        THtHt-11-iTH        t-i  T-<  T-l 


MMiAMi-l        AlArHAt^        (OiO^m^         COCQiriiM^        OOAOOQO        r-<dCOLOIO 


coeoeoeoM     mmmc^m     e4esa9-i»4C4      eqe>ifr4«4e<i     c^m^ 


S8SSS  §a§s§  S8SSS  sipss  S$§Sf?; 

^«SSS3    gggfeS   si^ics    siisf:   P^*^^^ 


\ti 


ltd' 


» s.^  s^  l"-*  ' 


e<l(C2400«O        M^'^OO)         (0LOe>3<-<O         OOOOrHOOiO         i-IO»d»<0«P 

wtAta^'^      V^^'ia^      ^^■^V^      M^iA'^-^     VeoMMeo 


esMMeaooeo 


888*=^ 


:SSS    88S8S 

>  ■»  t-  CO        CrC  ?J  00  C>  51         'Jl  n  I"  •— 


S8SS« 


sssss 

O  i-i  o  1^  ifi 
«0  lO  M  »)  o 


OOQO  cs     . 
59  Irt  r-l  CO  • -3      • 


t0OO9>4e-M        -veOMineO        OOtAMOOO         '^OCT-iClrH        oOrMt^CBrH 

t-t-ooot^     «etdr-t>^      tAiatAtOko      lat^r-eooo     r>(Oio°i^io 


or.  t.  to  ^  O 


sssgfs  aRs?iPj  sasss 

to  U3  lA  S         u5  iS  lA  m  13        lA  lA  lA  '^.  «r 


'<r  00  V  9  j|5 
?  efi  e)  e^  ^4 


8iiSS 


K  o S a S< 
tr  i^  '-'  "  *  I 

«  l-  00  <©  IX 


'Oeg 
'  (0(A 


CM  T-i  «C>  ^  CO 

o  o>  t-  t-  t^ 


t>  <0  U3  lA  lA 


eiAWMtOCM 

lA  •^  V  «fi  O  00 


lOtr?' 


>  o 

•  CO 
I  CO 
,00 


1 00  mpj 


CJOQSO 
M  CO  SS  P3  ^ 


Q  eo  Sj  w    • 


rHN«,^.A    «t-fto«o    s53»s«     SSSSg    SS5ns«    8&5??fi8« 


■ 


« 


PS 


el 

■55 
Q 


o 
ag 

o, 

s 


^ 


C3 

e 

v 

«B 


1^ 


> 

c 

a 


u 

OS 

1^ 


OS 
as 


a 
8 

$ 
I 

o 

2 


32 


ESTIMATED  MONTHLY  DISCHARGE  OF  DELAWARE  RIVER,  AT  PORT 

JERVIS,  N.  T. 

(Drainage  area  S,2S0  square  mUea.) 


January,  . 
February,  . 
March,     . . . 

Aprfl 

May 

June 

July 

August,     . . 
September, 
October,    . . 
November, 
December, 


MONTH. 


1912. 


The  year, 


Discharge   in   Second-feet. 

Maximum. 

Minimum. 

Mean. 

2860 
8880 

47666 

14400 

44400 

7800 

1S200 

15700 

atso 

7000 

4150 

666 

•     1910 

1570 

460 

694 

8820 

890 

1490 

6910 

666 

2220 

28900 

1080 

4040 

14100 

2460 

4880 

19200 

2660 

6690 

47600 

890 

6M0 

Bon -off. 


Second -feet 

per  square 

mile. 


0.914 

1.02 

4.4S 

6.00 

2.15 

0.688 

0.2L4 

0.468 

0.688 

1.84 

1.49 

2.0B 


1.74 


Depth  In 
Inches. 


LOG 
1.10 
5.11 
6.26 
2.48 
0.68 
0.26 
O.U 
0.76 
Lit 
1.66 
2.S4 

2S.63 


Note.     Ice  conditions  January  13  to  March  18  inclusive, 
comparimm  with  Delaware  River  at  RlegelsviJle.  N.  J. 


Mean  daily  discharge  estimated  by 


BIG  BUSHKILL  CREEK. 


DESCRIPTION  OF   BASIN. 

Big  Bushkill  creek,  a  large  tributary  of  the  Delaware  river  in 
Monroe  and  Pike  counties,  drains  an  area  of  approximately  150 
square  miles.  Rising  in  many  lakes  and  ponds  on  the  Pocono  Pla- 
teau, in  the  south  central  part  of  Pike  county,  it  flows  southerly 
through  an  uninhabited  region  covered  with  heavy  second  growth 
and  some  virgin  timber,  to  within  a  few  miles  of  its  mouth  at  Bush- 
kill,  the  length  being  approximately  25  miles.  The  principal  tribu- 
taries are  Wells,  Middle  Bushkill  and  Little  Bushkill  creeks,  the 
watershed  including  numerous  lakes,  ponds  and  swamps,  and  lying 
entirely  within  the  glacial  area.  On  Bushkill  creek  and  its  tribu- 
taries are  numerous  falls,  and  rapids,  most  noted  of  which  are  Bush- 
kill Falls  on  Little  Bushkill  creek,  and  Winona  Falls  on  the  main 
stream,  all  the  streams  being  rapid  below  the  falls,  flowing  over 
rocky  beds  within  steep,  precipitous  banks,  while  above  the  slopes 
flatten  and  swampy  areas  abound.  Bushkill  village,  at  its  mouth, 
is  the  only  town  within  this  basin.  This  creek  and  its  tributaries 
are  used  to  some  extent  on  the  lower  reaches  for  power  purposes 
by  grist  mills,  while  sites  for  considerable  powers  are  as  yet  unde- 
veloped. 

The  average  yearly  rainfall  over  this  watershed  is  from  45  to  50 
inches.  The  flow  has  been  measured  since  September  19,  1908,  at 
Shoemakers,  3  miles  above  the  mouth. 
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DEIAWARB  BASIN— STATION  NO.  8. 


BIG  BUSHKILL  CREEK  AT  SHOEMAKER'S. 


DESCRIPTION  OF  STATION. 

This  station  was  established  on  September  19,  1908,  by  the  Water 
Supply  Commission  of  Pennsylvania,  on  a  single  span,  steel  through- 
truss,  highway  bridge  near  Shoemaker's,  2  miles  upstream  from  the 
village  of  Bushkill.  A  standard  chain  gage  is  fastened  to  the  guard 
rail  on  the  upstream  side  of  the  bridge.  The  length  of  chain  from 
center  of  rivet  to  bottom  of  weight  is  14.42  feet. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge,  and  by  wading  above  and  below  at  low  stages.  The  initial 
point  for  soundings  is  left  end  of  handrail  on  downstream  side  of 
bridge.  The  bench  mark  is  a  point  on  the  upstream  corner  of  left 
abutment,  top  of  fifth  course  from  bottom,  or  eighth  course  from 
top,  which  is  5.625  feet  above  arbitrary  zero  of  gage.  The  channel 
is  straight  for  about  300  feet  above  and  800  feet  below  the  bridge, 
the  bottom  being  gravelly  with  some  large  rocks,  and  fairly  perma- 
nent. Saw  creek  enters  from  the  left  a  few  hundred  feet  above 
the  bridge.    The  gage  is  read  once  daily  by  George  Beaver. 

Since  the  establishment  of  the  gage,  ten  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  BIG   BUSHKILL  CREEK,   AT  SHO& 

MAKER'S,  MONROE  COUNTY,  PENNA. 

(Drainage  area  115  square  miles.) 


No. 


Date. 


Hydrographer. 


10 


June     26 


Langenhelm, 


.a 


Feet. 
62 
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Remarks. 
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0) 
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3 

Q 

Sq.  ft. 
57 


Pt. 

per  '  Feet. 

BCC.  j 

0.87  1      1.26 


Sec.  ft. 


I 
50 1  0.6  measurement. 


DISCHARGE  TABLE  FOR  BIG  BUSHKILL  CREEK.   AT  SHOEMAKER'S, 
MONROE  COUNTY,  FROM  SEPTEMBER  19,   1908. 


• 

■ 

4^ 

• 

4>* 

xa 

.a 

ja 

M 

« 

if 

« 

M 

"S 

$• 

• 

M 

tt 

9 

1 

t4 

1 

V 

s 

Sf 

« 

2) 

a 

o 

Q 

o 

• 

a 

.a 

6f 
0) 

u 

.a 

A 

A 

o 

{1. 

a> 

A 

^ 

OS 

s 

J 

a 

O 

C 

C 
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.90 
1.00 
.10 
.20 
.80 
.40 
.50 
.60 


Sec. 


ft. 
6 
12 

a> 

81 
44 

60 

79 
102 


ITeet. 


.70 
.80 
.90 
.00 
.10 
.20 
.80 
.40 
.50 


Sec.  ft. 

Feet. 

128 

.60 

160 

.70 

i9r. 

.80 

2S3 

.90 

278 

8.00 

817 

.10 

364 

.20 

415 

.80 

468 

Sec.  ft. 

529 
596 
W2 
750 
83S 
9*^ 
102') 
1130 


Feet. 
.40 
.50 
.60 
.70 
.80 
.90 
4.00 
.10 


Sec.  ft. 
1237 
1846 
145i 
1565 
1675 
1785 
1895 
2006 
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Feet. 

Sec.  ft. 
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2UJ 

.80 

2^25 

.40 

»J') 

.50 

24<.^ 
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2i55 

.70 

2666 

.80 
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28S5 

5.00 

29K 
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ESTIMATED   MONTHLY  DISCHARGE  OF   BIG   BUSHKILL  CREEK,    AT 

SHOEMAKERS,  MONROE  COUNTY,  PA. 

(Drainage  area,  115  square  miles.) 


MONTH. 


1912. 


January,    .. 

FebruaiT*   • 
March,     ... 

April,    

May 

June 

July 

Au^st,   . . . 

September. 

October, 

November, 

December, 


The  year. 


D}scharffe  In   Second-feet. 

Run-off. 

I 

Second-feet 

Maxlmuhi. 

Minimum. 

Mean. 

per  square  . 

Depth  in 

mile. 

Inches. 

151 
166 
633 

447 

1.818 
1.435 
5.5M 
8.887 

1.51-4 

1.&4S 

1680 

6.845 

888 

'"*  282 

4.SS7 

750 

206 

898 

S.417 

S.989 

245  i                   81 

87 

0.767 

0.843 

44 

16 

27 

0.2S5 

0.271 

864 

9 

61 

0.580 

o.eii 

415 

29 

129 

1.122 

1.2B2 

SSS 

49 

199 

1.780 

1.994 

390 

144 

253 

2.191 

2.444 

415 

128 

272 

2.365 

2.726 

1680 

9 

285 

2.040 

27.S36 

Note.     Creek    frozen    January   6    to    March   14,    Inclusive.      Discharge    estimated    from    Lehigh 
River  at  South  Bethlehem. 


BRODHEADS  CREEK. 


DESCRIPTION  OF  BASIN. 

Brodheads  creek,  a  tributary  of  the  Delaware  river,  in  the  central 
part  of  Monroe  county,  and  one  of  the  largest  streams  therein,  drains 
approximately  285  square  miles.  Kising  in  the  Pocono  mountains, 
in  the  northwestern  corner  of  Barrett  township,  it  follows  a  south- 
erly course  through  a  sparsely  inhabited  area  covered  with  second 
growth  timber  at  its  headwaters,  thence  through  an  agricultural 
region,  to  its  mouth  one  mile  above  Delaware  Water  Gap,  its  total 
length  being  approximately  28-  miles.  Its  source  is  at  an  elevation 
of  about  2,000  feet  above  sea  level,  and  its  mouth  290  feet.  The 
principal  tributaries  are  Analomink,  or  Holler  creek,  McMichaels 
and  Marshall  creeks,  the  watershed  including  numerous  small  lakes, 
ponds  and  swamps,  the  stream  lying  entirely  within  the  glacial  area, 
while  on  it  and  its  tributaries  are  numerous  falls  and  rapids.  The 
main  stream  is  rapid,  flowing  over  a  rocky  bed,  between  unusually 
steep  banks,  and  is  generally  in  a  narrow  valley  except  near  the 
headwaters  where  the  valleys  widen  and  the  slopes  are  more  gradual. 
In  this  drainage  basin  lie  the  principal  boroughs  and  villages  of  the 


GngiDg  StatinD  od  Brodbeads  Creek  at  ADalomiak,  Monroe  County. 
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county,  several  of  which  obtain  water  supplies  from  the  creek  or 
its  tributaries.  Brodheads  creek  and  its  aflluents  are  used  to  some 
extent  for  power  purposes,  while  available  sites  are  as  yet  unde- 
veloped. 

The  average  yearly  rainfall  over  this  watershed  is  from  45  to  50 
inches. 

The  flow  of  this  stream  has  been  measured  since  September  17, 
1908,  at  Analomink,  9  miles  above  the  mouth. 


DELAWARE  BASIN— STATION  NO.  9. 


BRODHEADS  CREEK  AT  ANALOMINK, 


DESCRIPTION  OF  STATION. 

This  station  was  established  on  September  17,  1908,  by  the  Water 
Supply  Commission  of  Penns3'lvania,  on  a  single  span,  steel,  through- 
truss,  highway  bridge,  about  one-quarter  mile  above  the  village  of 
Analomink,  but  gage  readings  were  not  commenced  until  December 
10,  1908.  A  14-foot  staff  gage  is  bolted  to  the  downstream  face  of 
the  left  abutment.  A  bench  mark  is  located  on  the  top  of  a  reddish 
stone  in  the  left  abutment,  bottom  course,  outer  downstream  cor- 
ner, and  the  elevation  is  2.11  feet  above  the  arbitrary  zero  of  the 
gage. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge,  or  at  low  stages  by  wading  above  the  bridge.  The  initial 
point  for  soundings  is  top  angle  of  downstream  handrail  at  left  end, 
which  is  called  station  2.3  feet.  The  channel  above  is  straight  for 
100  feet,  and  below  for  300  feet.  A  wooden  dam  1,000  feet  down- 
stream backs  the  water  up  to  within  a  short  distance  of  the  bridge. 
The  left  bank  is  high  and  does  not  overflow,  but  at  extreme  stages 
the  right  bank  overflows  and  water  passes  across  the  road  at  right 
end  of  the  bridge.  The  bed  is  mostly  solid  rock,  and  permanent,  con- 
taining a  large  projecting  ledge  of  rock  near  the  left  bank.  The  gage 
is  read  twice  daily  by  Wilbur  Imbt. 

Since  the  establishment  of  this  station,  nine  discharge  measure- 
ments have  been  made.  Owing  to  an  insufficient  number  of  dis- 
charge measurements,   no   rating  curve  has  yet   been  determined. 
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and,  therefore,  only  the  discharge  measurements  and  gage  heights 
are  published.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Keport  of  the  Water  Supply  Commission. 


DISCHARGE   MEASUREMENTS    OF   BRODHEADS    CREEK,    AT   ANALO- 

MINK,  MONROE  COUNTY,  PA. 

(Drainage   area  120  square   miles.) 
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POCONO  CREEK. 


DESCRIPTION  OF  BASIN. 

Pocono  creek,  the  largest  tributary  of  McMichaels  creek,  lies  in 
the  south  central  part  of  Monroe  county,  draining  an  area  of  ap- 
proximately 42  square  miles.  It  rises  in  the  Pocono  mountains  in 
the  central  part  of  the  county,  flowing  in  a  general  southerly  direc- 
tion through  an  uninhabited  area,  covered  with  second  growth  tim- 
ber, to  a  point  about  six  miles  west  of  Stroudsburg,  where  it  turns 
to  an  easterly  direction  through  a  farming  section,  to  its  mouth  in 
the  center  of  the  town,  a  total  distance  of  approximately  12  miles. 
In  its  upper  sections  the  slope  of  the  stream  is  steep,  while  in  the 
lower  section  it  is  much  flatter,  and  it  lies  entirely  within  the  glacial 
area.  A  few  grist  mills  operated  by  water-power  exist  on  the  lower 
sections  of  this  creek.  The  average  yearly  rainfall  over  this  water- 
shed is  from  45  to  50  inches. 

The  flow  has  been  measured  since  August  3,  1911,  at  the  Spoke 
Factory  Bridge,  near  Stroudsburg,  2  miles  above  the  mouth. 


DEI^WARE  BASIN— STATION  NO.  10. 


POCONO  CREEK  NEAR  STROUDSBURG. 


DESCRIPTION  OF  STATION. 

This  station  was  established  August  3,  1911,  by  the  Water  Supply 
Commission  of  Pennsylvania,  on  a  single  span,  covered,  wooden 
bridge  about  two  miles  above  Stroudsburg,  and  is  being  maintained 
by  Meikleham  &  Dinsmore,  Engineers, 'New  York  City.  A  standard 
chain  gage  is  fastened  to  the  upstream  guard  rail  of  the  bridge  near 
the  left  bank.  The  length  of  chain  from  center  of  rivet  to  bottom 
of  weight  is  14.00  feet.  Bench  mark  No.  1  is  a  large  staple  on  the 
inside  of  the  right  upstream  one  of  a  pair  of  angling  wooden  braces, 
elevation  15.73  feet  above  zero  of  gage.  Bench  mark  No.  2  is  top 
of  flat  stone  on  top  of  face  of  left  abutment,  near  upstream  cor- 
ner, below  angle  between  upstream  side  of  wooden  bridge  and  end 
of  wingwall  guard  wall,  about  10  inches  from  side  of  bridge,  eleva- 
tion 10.67  feet  above  zero  of  gage. 


n  Pucono  Creek  above  StroudsbDrg. 
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Discharge  measurements  are  made  from  the  downstream  side  of 
bridge,  and  by  wading  under  the  bridge.  The  initial  point  for  sound- 
ings is  face  of  downstream  abutment,  right  end.  The  channel  above 
the  bridge  curves  gently  to  the  right  for  600  feet,  and  below  it  is 
straight  for  450  feet.  The  banks  are  high  and  rarely  overflow  ex- 
cept during  extreme  stages.  The  bed  is  of  gravel  and  small  stones. 
The  gage  is  read  twice  daily  by  George  K.  Brands. 

Since  the  establishment  of  this  station,  five  discharge  measure- 
ments have  been  made.  Owing  to  the  insufficient  number  of  dis- 
charge measurements,  no  rating  curve  has  been  computed  at  this 
station,  and  only  the  discharge  measurements  and  daily  gage  heights 
are  published.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission. 

DISCHARGE  MEASUREMENTS  OF  POCONO   CREEK,   NEAR  STROUDS- 

BURG,  MONROE  COUNTY,  PA. 

(Drainage   area   S8   square   mUea.) 
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McMICHAELS  CREEK. 


DESCRIPTION  OF  BASIN. 

McMichaels  creek,  the  largest  tributary  of  Brodheads  creek,  lies 
in  the  south  central  part  of  Monroe  county,  draining  an  area  of  ap- 
proximately 105  square  miles.  It  rises  in  the  Pocono  mountains, 
flows  first  in  a  southerly  direction  through  an  uninhabited  area 
covered  with  second  growth,  and  thence  turns  easterly  through  a 
sparsely  inhabited  agricultural  region,  to  its  mouth  a  short  distance 
below  Stroudsburg,  a  distance  of  approximately  20  miles.  In  its 
upper  section  the  slope  of  the  creek  is  steep,  while  in  the  lower  sec- 
tion it  is  much  flatter,  and  it  lies  entirely  within  the  glacial  area. 
Pocono  creek,  with  a  drainage  area  of  approximately  42  square  miles, 
is  the  largest  tributary,  while  several  lakes  and  ponds  lie  within  its 
watershed.  A  few  grist  mills  operated  by  water  power  exist  in  the 
lower  section  of  the  creek  and  its  tributaries. 

The  average  yearly  rainfall  over  this  watershed  is  from  45  to  50 
inches. 

The  flow  has  been  measured  at  two  points ;  namely,  at  the  Seventh 
Street  Viaduct,  Stroudsburg,  from  September  16,  1908,  to  July  16, 
1910,  at  which  time  the  station  was  discontinued,  and  at  the  railroad 
bridge  near  the  car  shops  above  Stroudsburg  since  August  3,  1911. 
The  first  station  was  a  short  distance  below  the  mouth  of  Pocono 
creek,  whereas  the  present  station  is  about  one  mile  above  the  mouth 
of  Pocono  creek. 


DELAWARE  BASIN— STATION  NO.  11. 


McMICHAELS  CREEK  AT  CAR  SHOPS  ABOVE 

STROUDSBURG. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  August  3, 1911,  on  the  railroad  bridge  of  the  Wilkes- 
Barre  and  Eastern  Railroad  near  the  car  shops  above  Stroudsburg, 
and  is  being  maintained  by  Meikleham  &  Dinsmore,  Engineers,  New 
York  City.  A  chain  gage  is  fastened  on  the  second  panel  of  the 
left  downstream  side  of  the  bridge.    The  length  of  chain  from  cen- 
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ter  of  rivet  to  bottom  of  weight  is  23.04  feet,  the  elevation  of  zero 
being  arbitrary  datum.  B.  M.  No.  1  is  cut  on  top  of  extreme  up- 
stream stone  in  the  upstream  wingwall  of  the  right  abutment,  on 
top  of  the  4th  stone  down  from  the  bridge  seat,  and  is  on  the  extreme 
upper  outer  corner;  elevation  13.56  feet  above  gage  datum. 

Discharge  measurements  are  made  from  the  downstream  side  of 
bridge,  and  by  wading  below  the  bridge  at  low  stages.  The  channel 
at  the  bridge  is  straight,  with  stone  and  mud  bottom,  and  with  high 
banks  on  either  side  which  do  not  overflow.  The  channel  passes 
under  the  bridge  at  a  slight  angle.  This  gage  is  read  twice  daily 
by  Robert  H.  Ace. 

Since  the  establishment  of  this  station,  five  discharge  measure- 
ments have  been  made.  Owing  to  the  insufficient  number  of  discharge 
measurements,  no  rating  curve  has  been  computed  at  this  station, 
and  only  the  discharge  measurements  and  daily  gage  heights  are  pub- 
lished. The  data  prior  to  1912  will  be  found  in  the  1910-11  Report 
of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  McMICHAELS  CREEK,  AT  CAR  SHOPS, 

STROUDSBURG,   MONROE  COUNTY,   PENNA. 

(Drainage  area  60  square  miles.) 
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LEHIGH  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Lehigh  river,  the  second  largest  tributary  of  the  Delaware 
river  from  Pennsylvania,  drains  approximately  1,375  square  miles, 
in  the  central-eastern  portion  of  the  State.  Rising  in  the  Pocono 
plateau  in  the  southwest  corner  of  Wayne  county,  it  follows  a  wind- 
ing course,  generally  southeasterly  to  its  mouth  at  Easton,  its  length 
being  approximately  100  miles,  while  the  air  line  distance  from  its 
source  to  its  mouth  is  only  45  miles. 

The  sources  of  the  upper  tributaries  lie  among  the  Pocono  hills, 
which  are  sparsrty  inhabited,  and  largely  forested.  The  slope  of  the 
river  is  steep,  with  numerous  rapids,  water  falls,  and  glacial  lakes. 
The  stream  falls  about  10  feet  per  mile  until  within  15  or  20  miles 
of  the  mouth,  where  it  enters  the  rolling  farm  lands  of  Lehigh  and 
Northampton  counties,  where  its  slope  reduces  to  4  or  5  feet  per 
mile.  In  this  portion  of  the  valley  is  much  cultivated  land  and  nu- 
merous large  cities  and  boroughs,  among  the  most  important  being 
Allentown,  South  Bethlehem,  Bethlehem  and  Easton. 

Numerous  of  its  lower  tributaries,  among  them  the  Little  Lehigh, 
Jordan,  Monocacy  and  Saucon  creeks,  drain  limestone  areas,  thus 
augmenting  the  dry  weather  flow.  From  the  west,  where  the  Lehigh 
passes  the  anthracite  coal  fields,  the  tributaries  bring  in  quantities 
of  culm  and  mine  water. 

The  chief  tributaries  are  Tobyhanna,  Bear,  Black,  Mahoning,  Big, 
Lizard,  Aquachicola,  Jordan,  Little  Lehigh,  Monocacy  and  Saucon 
creeks. 

The  banks,  especially  in  the  upper  portion,  are  high  and  rocky, 
and  below  Mauch  Chunk  and  White  Haven  the  valley  assumes  the 
nature  of  a  gorge.  The  bed  is  rock  throughout  most  of  its  length, 
in  places  overlain  by  a  thin  layer  of  drift,  and  in  its  lower  section, 
behind  the  navigation  dams,  extensive  silting  has  taken  place. 

The  Lehigh  Coal  and  Navigation  Company  operates  a  canal  and 
slackwater  system  of  navigation  on  the  lower  45  miles,  consisting  of 
10  dams  and  locks,  and  several  short  sections  of  canal  connecting 
the  pools.    Considerable  water  power  is  developed  along  this  canal. 

Numerous  towns  and  industries  in  the  lower  section,  in  which  por- 
tion of  the  valley  population  and  industries  are  quite  congested,  use 
the  river  water  for  domestic  and  industrial  purposes,  but  its  impure 
condition  and  high  sediment  content,  make  purification  a  requisite. 

The  basin,  which  is  long  and  narrow,  is  subject  to  an  annual  aver- 
age precipitation  of  45  to  50  inches. 

The  flow  has  been  measured  from  September  22^  1902,  to  February 
13,  1905,  and  from  April  26,  1909,  to  date,  at  South  Bethlehem,  12 
miles  above  the  mouth. 
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DELAWARE  BASIN— STATION  NO.    12. 


LEHIGH  RIVER  AT  SOUTH  BETHLEHEM. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Geological  Sur- 
vey, September  22nd,  1902,  on  the  New  street  bridge,  connecting 
Sethlehem  and  South  Bethlehem,  and  was  operated  until  February 
13tli,  1905,  by  Lehigh  University.  On  that  date  it  was  discontinued, 
and  was  re-established  by  the  Water  Supply  Commission  of  Pennsyl- 
vania, at  the  same  point,  on  April  26th,  1909.  The  present  equip- 
ment consists  of  a  standard  chain  and  weight  gage,  similar  to  that 
previously  employed,  the  new  datum  being  0.09  feet  higher  than  the 
old.  The  elevation  of  the  zero  of  the  present  gage  is  210.64  feet  above 
mean  tide,  referred  to  the  following  bench  marks:  Bench  mark 
No.  2  is  No.  72  of  L.  V.  R.  R.,  on  iron  pin  set  in  south  pier  of  New 
street  bridge  at  elevation  232.87  feet  above  sea  level,  or  22.23  feet 
above  zero  of  gage.  B.  M.  No.  3  is  cross  cut  in  stone  on  4th  pier  from 
north  side,  15th  course  down  from  top  of  pier,  downstream  face,  2 
feet  in  from,  left  or  north  downstream  corner ;  elevation  228.06  feet 
above  sea  level,  or  17.42  feet  above  zero  of  gage.  The  length  of  chain 
is  42.89  feet  to  low  water  marker  and  32.89  feet  to  high  water 
marker. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge,  the  initial  point  for  soundings  being  a  point  on  h&nd-rail 
over  center  of  pier,  between  third  and  fourth  trusses  from  leti  ban^. 
The  channel  is  straight  both  above  and  below  the  station  and  the 
bed  is  of  sand  and  gravel.  The  right  bank  is  high  and  does  not  over- 
flow, while  the  left  is  low  and  subject  to  overflow  at  high  stages. 
The  Lehigh  canal  follows  the  left  bank  and  passes  over  Monocacy 
creek,  and  under  left  span  of  bridge.  Monocacy  creek  passes  under 
canal  on  left  bank,  and  under  bridge,  entering  the  river  a  short  dis- 
tance below.  Canal  is  measured  at  Main  street  bridge,  one-third  of 
a  mile  above,  the  discharge  reduced  by  tail  race  flow  of  ice  plant 
and  grist  mill,  which  use  canal  water  between  the  two  bridges,  is 
added  to  river  discharge  as  measured  at  New  street  bridge.  There  is 
a  spillway  from  the  canal  into  the  creek  at  the  aqueduct,  so  that  the 
canal  cannot  be  measured  at  New  street  bridge.  The  gage  is  read 
twice  daily  by  J.  E.  Santee,  the  toll  collector  at  the  bridge. 

Since  the  establishment  of  this  station  42  discharge  measurements 
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have  been  made,  by  the  United  States  Geological  Survey,  Lehi^ 
University  and  the  Water  Supply  Commission  of  Pennsylvania.  No 
discharge  measurements  were  made  during  1912. 

The  rating  tables  below  have  been  compiled  by  the  United  States 
Geological  Survey,  as  well  as  all  the  data  from  1902  to  1905  inclu- 
sive. Three  rating  tables  have  been  computed,  made  necessary  by 
certain  changes  in  the  river  channel.  The  data  prior  to  1912  will 
be  found  in  the  1910-11  Report  of  the  Water  Supply  Commission. 


DISCEL^RGE  TABLE  FOR  LEHIGH   RIVER,   AT  SOUTH   BETHLEHEM, 

NORTHAMPTON  COUNTY,  FROM  JAN.   1,   1912. 
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Peet. 

See.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.00 

.20 
.80 
.40 
.60 
.60 
.70 

2100 
2280 
2420 
2680 
2760 
2920 

.40 
.60 
.60 

.70 
.80 
.90 

66SO 
6880 
7180 
7880 
7680 
7880 

.80 
.90 
8.00 
.10 
.20 
.80 

12040 
18220 
18500 
18790 
14080 
14S70 

10.00 
.10 
.20 
.80 
.40 
.60 

1M90 

.10 

19S10 

.ao 

20120 

.90 

20150 

.40 

2077O 

.60 

W 

21090 

.60 

S25 

.80 

SlOO 

6.00 

8180 

.40 

14660 

.60 

21410 

.70 

400 

.90 

8280 

.10 

8880 

.50 

14860 

.70 

21740 

.80 

480 

4.00 

8470 

.20 

8640 

.60 

15240 

.80 

2207O 

.90 

666 

.10 

8670 

.80 

8900 

.70 

15680 

.90 

22100 

2.00 

666 

.20 

8870 

.40 

9160 

.80 

16820 

u.oo 

22730 

.10 

750 

.80 

4070 

.50 

9420 

.90 

16120 

.10 

28070 

.20 

860 

.40 

4280 

.60 

9680 

9.00 

16420 

.20 

21410 

.80 

960 

.60 

4600 

.70 

9940 

.10 

16720 

.80 

2S7BO 

.40 

1060 

.60 

4720 

.80 

10200 

.20 

17020 

.40 

24080 

.60 

1170 

.70 

4040 

.90 

10470 

.80 

17820 

.60 

24480 

.60 

1280 

.80 

6170 

7.00 

10740 

.40 

17680 

.60 

24770 

.70 

1400 

.90 

6400 

.10 

11010 

.60 

17M0 

.70 

2SU0 

.80 

1680 

6.00 

6640 

.20 

11280 

.60 

18260 

.80 

25460 

.90 

1670 

.10 

6880 

.80 

11560 

.70 

18560 

.90 

25790 

S.OO 

1810 

.20 

6130 

.40 

11820 

.80 

18870 

13.00 

26180 

.10 

U60 

.80 

6880 

.60 
.60 
.70 

12100 
12S80 
12660 

.90 

19180 

Note—This  table  Is  only  applicable  subsequent   to  Jan.   1,    1912,    and   is  based   on   5  dlscbarfe 
measarements  made  during  1911  and  1918,   together  wltb  tbc  1M2  to  1906  curve. 
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ESTIMATED   MONTHLY   DISCHARGE  OF  LEHIGH   RIVER,   AT   SOUTH 
BETHLEHEM,   NORTHAMPTON  COUNTY,  PA. 

(Drainage  area  1,2S5  square  miles.) 


Discbarge  In  Second -feet. 


Runoff. 


MONTH. 


1911. 

January,     

February,     

March 

April 

May 

June,     

July 

AUjTUSt 

September 

October 

November 

December 

The  year,    


Maximum. 

1 
Minimum. 

Mean. 

2470 

860 

1590 

14200 

687 

1920 

21900 

U90 

5400 

8060 

2710 

4390  1 

4SS0 

1430 

2S50 

1730 

584 

1000  - 

76« 

321 

572 

1740 

849 

698 

6O20 

312 

1820 

5780 

646 

1710 

5190 

1430 

2200 

4920 

1500 

2840 

21900 

821 

2170 

Second-feet 

per  aqua re 

mile. 


1.287 
1.566 
4.372 
S.555 
2.308 
0.810 
0.463 
0.566 
1.069 
1.880 
1.781 
1.895 


Depth  lu 
Inches. 


1.754 


1.484 

i.sn 

5.010 

.966 
.661 
.904 
.531 
.6M 
1.193 
1.597 
1.9<7 
2.184 


8. 

2. 
0. 
0. 
0. 


23.878 


DELAWARE  BASIN— STATION  NO.  13. 


DELAWARE  RIVER  AT  RIEGELSVILLE,  N.  J. 


This  station  was  established  by  the  United  States  Geological  Sur- 
vey, July  3,  1906,  on  the  three  span^  steel  suspension,  toll  highway 
bridge,  at  Riegelsville,  N.  J.  A  chain  gage  is  attached  to  the  up- 
stream handrail  in  the  middle  span  20  feet  from  the  east  pier.  The 
length  of  chain  from  center  of  rivet  to  bottom  of  weight  is  43.49  feet, 
the  elevation  of  zero  being  arbitrary  datum.  A  B.  M.  is  located  on 
top  of  steel  part  of  downstream  cable  anchorage  on  New  Jersey 
side,  which  is  40.76  feet  above  zero  of  the  gage.  Discharge  measure- 
ments are  made  from  the  downstream  side  of  the  bridge,  and  the 
initial  point  is  the  face  of  the  left  abutment.  The  channel  of  the 
river  is  straight  both  above  and  below  the  station,  the  left  bank 
being  high  and  never  overflowing,  while  the  right  bank,  although 
high,  is  subject  to  overflow  during  extreme  high  waters.  The 
bed  of  the  stream  is  gravel  and  boulders,  and  fairly  permanent,  with 
from  12  to  15  feet  depth  of  water  during  ordinary  stages.  This 
gage  is  read  twice  daily  by  John  H.  Deemer,  the  toll  collector  at  the 
bridge. 

The  Delaware  Division  Canal  parallels  the  river  along  the  Penn- 
sylvania shore  about  200  feet  from  the  river,  and  is  measured  at  a 
highway  bridge,  a  short  distance  above  the  river  bridge. 

Since  the  establishment  of  this  gage  17  discharge  measurements 
have  been  made.  The  following  data  have  been  furnished  by  the  U. 
S.  Geological  Survey.  The  data  prior  to  1912  will  be  found  in  the 
1910-11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE   MEASUREMENTS   OF   DELAWARE   RIVER,    AT  RIBGBLS- 

VILLE,  N.  J. 

(Drainage  area  6,^S0  square  tnileaj 
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Sec. 

191S. 

ft. 

sec. 

ft. 

17 

Feb.    20. 

Beckord  ft  Batlej.    . 

469 

4157 

1.40 

8.73 

58I» 

0.6  meainrement. 

DISCHARGE  TABLE  FOR  DELAWARE  RIVER,  AT  RIEGBLSVILLB,  N.  J., 

FROM  1908. 
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Feet. 
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.50 

810 

.80 

8820 

.10 

2206O 

.80 

89980 

.50 

61690 

.60 

980 

.90 

9160 

-20 

22560 

.40 

40660 

.60 

62410 

.70 

1060 

5.00 

9600 

.80 

2S06O 

.50 

41190 

.70 

68180 

.80 

1200 

.10 

9640 

.40 

28540 

.60 

41820 

.80 

68850 

.90 

1860 

.20 

10190 

.50 

24040 

.70 

42460 

.90 

64670. 

2.0O 

1500 

.80 

10540 

.60 

24540 

.80 

43100 

16.00 

65300 

.10 

1660 

.40 

10690 

.70 

2606O 

.90 

48760 

.10 

66060 

.20 

1880 

.50 

11250 
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25560 
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44400 
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60760 

.80 

2010 

.60 

11610 

.90 
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.60 

29660 
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20  TOO 
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the  computed  discharge  over  a  weir,  and  the  discharge  at  high  stages 
is  determined  from  a  curve  developed  from  current  meter  measure- 
ments.   The  rating  curve  is  well  defined. 

The  following  data  have  been  furnished  by  the  Philadelphia  Bu- 
reau of  Water.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission. 
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ESTIMATED    MONTHLY    DISCHARGE    OF    PERKIOMEN    CREEK,     AT 
FREDERICK,  (SPRING  MOUNT),  MONTGOMERY  COUNTY. 

(Drainage  area  152  square  mUea.) 


MONTH. 


1S12. 

January 

Febraary,     

March 

April,     

May 

Jme 

July 

Aogust 

September,     

October,    

November 

December,     

The    year,     — 


Discharge  In  Second-feet. 

Maximum. 

Minimum. 

1 
Mean. 

»4Y 

167 

26& 

8668 

142 

494 

4670 

88 

878 

686 

1» 

246 

1248 

80 

256 

198 

86 

70 

1G8 

80 

59 

666 

28 

117 

87&S 

86 

270 

1728 

85 

186 

1066 

93 

246 

8068 

82 

861 

4670 

28 

237 

Run  off. 


SecoDd-feet 

per  square 

mile. 


1.74S 
8.250 
5.776 
1.618 
1.684 
.461 


.770 
1.776 
1.217 
1.618 
2.875 


1.890 


Depth  in 
inches. 


2.010 

8.506 

6.669 

1.806 

1.941 

.514 

.448 

.8S8 

1.982 

1.40B 

1.806 

2.788 

25.698 


DEIA.WARE  BASIN— STATION  NO.  17. 


SCHUYLKILL  RIVER  AT  PHILADELPHIA,  PA. 


Schuylkill  river  rises  in  the  central  part  of  Schuylkill  county, 
Pa.,  in  two  branches,  which  join  at  Schuylkill  Haven,  flows  south- 
eastward, and  unites  with  the  Delaware  river  at  Philadelphia.  Its 
length  to  the  forks  is  about  113  miles,  and  its  drainage  area  measures 
about  1,920  square  miles.  The  headwaters  of  the  river  lie  in  a  moun- 
tainous, coal-bearing  region,  but  25  or  30  miles  below  its  source  it 
enters  a  more  highly  cultivated  country  and  the  slope  becomes  more 
gentle.  There  are  few  natural  lakes  in  the  basin,  but  numerous 
reservoirs  have  been  constructed  for  the  benefit  of  navigation  and 
water  suppjy.  The  low  water  flow  is  augmented  by  mine  drainage. 
Severe  floods  have  been  frequent,  the  greatest  in  recent  years  being 
•that  of  March,  1902.  The  Schuylkill  is  navigable  for  ocean-going 
vessels  only  as  far  as  Fairmount,  8.4  miles  from  its  mouth,  where 
the  first  dam  is  built  across  the  river,  while  above  that  point  it  is 
navigable  for  river  barges  as  far  as  Port  Clinton,  98  miles  above  its 
mouth.  The  elevation  of  the  river  at  the  forks  is  550  feet,  and  at 
the  mouth  0.  A  part  of  the  water  supply  for  the  City  of  Philadel- 
phia comes  from  the  Schuylkill,  while  many  other  towns  and  cities 
use  the  river  and  its  tributaries.  The  river  receives  a  large  amount 
of  pollution  from  various  sources,  including  a  vast  amount  of  culm 
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from  the  coal  mines.  The  average  yearly  rainfall  over  this  water- 
shed varies  considerably,  ranging  between  40  and  55  inches,  the 
upper  portion  of  the  watershed  receiving  the  heaviest  precipitation 
in  the  State. 

Kecords  of  the  height  of  the  river  at  Fairmount  Pool  have  been 
kept  for  many  years,  but  not  in  such  form  as  to  be  useful  for  the 
computation  of  daily  discharges.  Since  1903,  however,  daily  dis- 
charges have  been  computed.  The  station  is  located  at  the  Fair- 
mount  dam,  Philadelphia.  The  computed  daily  discharges  represent 
the  total  flow  of  the  river  as  determined  from  the  amount  wasted 
over  the  flashboards  at  the  Fairmount  dam,  the  pumpage  from  the 
river,  the  leakage,  and  the  quantity  used  for  power  at  Fairmount. 

The  following  data  have  been  furnished  by  the  Philadelphia  Bu- 
reau of  Water.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  SCHUYLKILL  RIVER,  AT  FAIR- 
MOUNT  DAM,   PHILA.,   PA. 

(Drainage   area  1,920  square  milet.) 


MONTH. 


Discharge  In  Second- feet. 


1912. 

January 

February, 

March,    

April.     

May 

June,     

July 

August,    

September 

October,     

Novemt>er, 

December 

The   year,    — 


Maximum.     Minimum. 


8669 

19810 

86101 

6801 

6120 

1571 

1257 

4809 

18462 

7891 

8810 

19858 


86101 


612 
1286 
2874 


Bun-oil. 


Mean. 


1882 
8606 

7807 
8617 


1099 

2866 

811 

641 

812 

616 

856 

1244 

825 

1470 

806 

1504 

996 

1988 

:)50 

2507 

806 

2429 

Second-feet 

per  square 

mile. 


0.960 
1.886 
4.066 
1.884 
1.282 
0.884 
0.820 
0.648 
0.766 
0.788 
1.007 
1.887 


1. 


Depth  in 
inchea. 


1.180 
1.970 
4.688 

2.108 
1.480 
0.872 
0.80 
0.747 
0.865 
0.906 
1.124 
1.541 


17.221 


DARBY  CREEK. 


DESCRIPTION  or  BASIN. 


Darby  creek,  a  tributary  of  the  Delaware  river,  at  Essington, 
Philadelphia  county,  drains  approximately  78  square  miles  in  Ches- 
ter, Philadelphia  and  Delaware  counties.  Rising  in  the  north- 
western part  of  Chester  county,  just  south  of  Malvern  station,  it 
follows  a  general  northeasterly  direction,  through  a  thickly  popu- 
lated, deforested,  rolling  agricultural  region  to  the  tidal  swamps 
of  the  Delaware  river,  just  below  Darby  borough,  where  it  turns 
southwestward  along  the  western  side  of  the  swamp  to  its  mouth,  a 
total  length  of  approximately  24  miles.  Its  source  lies  at  an  eleva- 
tion of  about  475  feet  above  sea  level,  and  its  mouth  at  sea  level. 
In  its  upper  section  the  slope  of  the  stream  is  steep,  while  in  the 
lower  section  it  is  very  flat  The  principal  tributary  is  Bobbs  creek, 
which  enters  it  six  miles  above  its  mouth.  A  few  mills  operated  by 
waterpower  exist  on  this  stream. 

The  average  yearly  rainfall  over  this  watershed  is  from  45  to  50 
inches. 

The  flow  has  been  measured  since  July  31st,  1911,  at  Lansdowne^ 
approximately  8  miles  above  the  mouth,  above  which  point  the  tribu- 
tary drainage  area  is  35  square  miles. 
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DELAWARE  BASIN—STATION  NO.  18. 


DARBY  CREEK  AT  LANSDOWNE. 


DESCRIPTION  OF  STATION. 

This  station  was  established  July  31,  1911,  by  the  Water  Supply 
Commission  of  Pennsylvania.  A  10  foot  staff  gage  has  been  fastened 
to  a  large  tree  which  projects  over  the  water  on  the  right  bank  of 
the  stieam,  about  300  feet  upstream  from  a  single  span,  through 
truss,  highway  bridge,  near  the  greenhouse  of  C.  H.  Baker.  A  high 
water  staff  gage  graduated  above  5  feet,  is  fastened  to  a  large  tree 
a  shoit  distance  from  the  10  foot  gage  and  is  referred  to  the  same 
datum. 

Discharge  measurements  at  low  and  normal  stages  of  the  creek 
aie  made  ^y  wading  near  the  gage  and  at  high  water  stages  from  the 
highway  bridge.  The  initial  point  for  soundings  is  the  right  end  of 
upstream  handrail  on  bridge.  B.  M.  No.  1  is  on  top  of  spike  in 
groove  cut  in  root  of  a  large  white  walnut  tree  on  south  bank, 
15  paces  from  low  water  gage  and  10  paces  from  high  water 
gage,  and  is  painted  B.  M.;  elevation  6.695  feet  above  zero 
of  gage.  The  creek  channel  is  straight  for  approximately  50  feet 
above  the  gage  and  600  feet  below  it.  At  wading  section  the  bed 
is  small  stones  and  mud,  and  at  the  bridge  the  bottom  is  mud  and 
liable  to  changes  in  depth.  Neither  bank  at  the  bridge  section  over- 
flows at  high  stages.  Slack  water  from  the  dam  of  the  Garrett  Paper 
Mill  extends  to  a  point  about  100  feet  above  the  bridge  and  200  feet 
below  the  gage,  however,  there  is  a  fair  flow  under  the  bridge,  ex- 
cept at  extreme  low  water.  This  gage  is  read  twice  daily  by  C. 
H.  Baker. 

Since  the  establishment  of  this  station  5  discharge  measurements 
have  been  made.  No  rating  curve  has  been  determined,  and  only  the 
discharge  measurements  and  gage  heights  have  been  published.  The 
data  prior  to  1912  will  be  found  in  the  1910-11  Report  of  the  Water 
Supply  Commission. 

DISCHARGE   MEASUREMENTS   OF   DARBY   CREEK,   AT  LANSDOWNE. 

DEFAWARE  COUNTY,  PENNA. 


(Drainage  area  S5  i 

9quare 

miles.) 

1 

a 

o 

^ 

• 

s 

S 

A 

kM 

• 

No. 

Date. 

Hydrosrrapher. 

%( 

•3 

« 

Remarka. 

• 

o 

► 

A 

%! 

a 

1 

a 

9 

.3 

1 

1 

1 

9 

0 

Ft. 

Feet. 

Sq.     '    per 

Feet. 

Sec. 

1912 

ft.        sec. 

ft. 

1 

Jaly    i. 

Lansrenheim,    

23 

14 

1.00 

0.71 

18.7 

Wading   mamt.    100'    be- 

low gage. 

wz. 

5 

reb.    19. 

Reckord   and   Batley, 

50 

?6 

1.59 

1.20 

56 

Wading  msmt.  66'  above 
gage. 
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BRANDYWINE  CREEK. 


DESCRIPTION  OF  BASIN. 

Biandywine  creek,  a  large  tributary  of  the  Delaware  river,  in 
Peniisylvauia,  which  i>as8es  thiough  the  northern  part  of  the  State 
of  Delawaie,  and  enters  the  river  just  below  Wilmington,  drains  ap- 
proximately 300  squart  miles  in  Pennsylvania.  Rising  in  two 
branches,  the  east  and  west,  which  head  on  the  western  edge  of  Ches- 
ter county,  in  the  Welsh  Mountains,  within  a  few  miles  of  each  other, 
these  branches  diverge,  one  passing  through  Downingtown,  and  the 
other  through  Coatesville,  about  10  miles  ai)art,  and  then  meet  about 
one  mile  north  of  Lenape,  in  the  south-central  part  of  Chester 
county.  The  stieam  and  its  branches  dow  in  a  general  southerly 
direction  through  a  rolling  country,  thickly  populated,  well  de- 
veloped agriculturally  and  practically  deforested,  its  total  length 
in  Pennsylvania  being  about  f55  miles.  The  elevation  of  the  sources 
of  the  two  branches  is  about  900  feet;  at  the  State  line  it  is  140  feet, 
and  at  the  mouth  sea  level.  The  slope  of  the  stream  is  gradual,  but 
steep  enough  to  cause  small  waterpowers  to  be  extensively  developed 
along  it  and  its  branches.  On  the  drainage  basin  lie  numerous  towns 
and  villages,  several  of  which  obtain  water  from  the  branches.  The 
average  yearly  rainfall  over  this  watershed  is  from  45  to  50  inches. 

The  flow  of  this  stream  has  been  measured  since  August  1st,  1911, 
at  Chadds  Ford,  near  the  Pennsylvania-Delaware  State  line,  about 
10  miles  above  the  mouth,  the  drainage  area  above  the  gage  being 
approximately  285  square  miles. 


DELAWARE  BASIN— STATION  NO.  19. 


BRANDYWINE  CREEK  AT  CHADDS  FORD. 


DESCRIPTION  OF   STATION. 

This  station  was  established  on  August  1st,  1011,  by  the  Water 
Supply  Commission  of  Pennsylvania.  It  is  located  on  a  two-span, 
iron  girder  bridge  of  the  Pennsylvania  Railroad,  with  foot-path 
along  the  upstream  side,  which  crosses  the  creek  at  this  point.  A 
standard  chain  gage  is  bolted  to  the  rail  of  the  foot  pathway,  on  the 
upstreaim  side  in  the  left  span.  The  length  of  chain  from  center 
of  rivet  to  bottom  of  weight  is  24.00  feet.    ^ 
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Discharge  measurements  aie  made  from  the  foot-path  at  all  times 
as  wading  is  practically  impossible  on  account  of  the  depth  of  water. 
The  initial  point  for  soundings  is  a  cross  mark  cut  in  the  hand  rail 
near  face  of  left  abutment.  The  bench  mark  is  outside  upstream 
corner  of  left  bridge  seat  stone;  elevation  18.49  feet  above  zero  of 
gage.  The  channel  above  the  bridge  is  straight  for  150  feet,  then 
curves  to  the  west,  the  tail  race  of  a  mill  entering  the  stream  on  the 
left  bank  about  150  feet  above  the  bridge;  below  the  bridge  the  chan- 
nel is  straight  for  250  feet,  and  then  curves  to  the  west.  The  bed  of 
the  stream  is  mud,  gravel  and  stones,  and  fairly  permanent.  The 
left  bank  of  the  stream  at  the  bridge  is  the  railroad  embankment, 
and  abutment,  and  is  high  and  steep,  and  does  not  overflow.  Thq 
right  bank  of  the  creek  proper  is  low  and  flat  and  at  high  stages 
water  floods  over  a  flat  600  feet  wide,  under  the  wooden  trestle  of 
the  Pennsylvania  Railroad.  From  this  trestle  in  high  water  periods 
it  will  be  necessary  to  measure  the  overflow  water.  The  gage  is 
read  twice  daily  by  E.  J.  Reynolds. 

Since  the  establishment  of  this  station  6  discharge  measurements 
have  been  made.  No  rating  curve  has  been  determined,  and  only  the 
discharge  measurements  and  gage  heights  have  been  published.  The 
data  prior  to  1912  will  be  found  in  the  1910-11  Report  of  the  Water 
Supply  Commission. 


DISCHARGE  MEASUREMENTS  OF  BRANDYWINE  CREEK,  AT  CHADDS 

FORD,  DELAWARE  COUNTY,  PENNA. 

{Drainage  area  £85  square  miles.) 
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CHENANGO  RIVER. 


DESCRIPTION  OF  BASIN. 

Chenango  river  rises  in  the  central  part  of  Madison  county,  New 
York,  and  flows  southward  into  the  Susquehanna  river  at  Bingham- 
ton,  N.  Y.  It  is  approximately  seventy  miles  long  and  its  drainage 
area  comprises  about  1,580  square  miles.  Its  headwater  valleys  lie 
at  an  elevation  of  about  1,200  feet  above  sea  level,  and  its  mouth  is 
864  feet  above  tide.  Its  bed  is,  as  a  rule,  composed  of  sand  and 
gravel  and  the  stream  is  bordered,  in  many  places,  by  bottom  land, 
subject  to  overflow.  A  portion  of  the  headwaters  are  diverted  acros?? 
the  Chenango-Mohawk  Divide,  through  Oriskany  creek,  to  feed  the 
summit  level  of  the  Erie  Canal. 

Considerable  power  is  developed  at  Binghamton  and  at  Port  Dick- 
inson, three  miles  above. 

The  mean  annual  precipitation  over  this  water  shed  is  from  35 
to  40  inches. 

The  discharge  of  this  stream  was  measured  from  July  31st,  1901, 
to  December  8l8t,  1911,  at  Binghamton,  N.  Y.,  near  its  mouth,  al- 
though several  discharge  measurements  were  obtained  during  1912. 


SUSQUEHANNA  BASIN— STATION  NO.  1. 


CHENANGO  RIVER  AT  BINGHAMTON,  N.  Y. 


DESCRIPTION  OF  STATION. 

This  station  was  established  July  31st,  1901,  by  the  United  States 
Geological  Survey,  and  was  maintained  through  co-operation  with 
the  New  York  State  Engineer  until  December  31st,  1911,  when  the 
station  was  discontinued.  There  were,  however,  several  discharge 
measurements  taken  during  1912,  as  well  as  gage  heights  for  a  short 
period,  the  latter  being  unreliable  and  the  station  discontinued  as 
above  stated.  It  was  located  on  the  Court  Street  Bridge,  at  Bing- 
hamton, N.  Y. 

The  channel  was  obstructed  by  three  masonry  piers.  A  small 
rift  between  the  station  and  the  confluence  of  Chenango  river  with 
the  Susquehanna  river,  about  2,500  feet  below  cuts  off  back  water 
at  ordinary  stages  of  tl»  -)  rivers.  The  bridge  crosses  the  stream  at 
right  angles  and  the  bed  is  of  gravel  aad  small  cobble  stones,  there 
being  a  smooth,  uniform  current. 
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Discharge  measurements  were  made  from  the  Court  Street  Bridge. 
A  boxed  wire  gage  was  fastened  to  the  vertical  supports  of  the 
hand-rail  on  the  upstream  side  of  the  first  span  from  the  right  bank. 
The  bench  mark  was  a  circular  chiselled  draft  on  the  upstream  cor- 
ner of  the  bridge  seat  on  the  left  abutment,  its  elevation  being  34.02 
feet  above  gage  datum. 

In  estimating  the  run-off  of  Chenango  river,  the  area  directly 
tributary  to  storage  reservoirs,  from  which  diversion  is  made  to  sup- 
ply the  Erie  Canal,  has  been  deducted  from  the  total  natural  drain- 
age area.  The  diversion  area  of  six  reservoirs  at  the  head  of  Chenan- 
go river,  whose  outflow  is  turned  into  the  Erie  Canal  through  Lime- 
stone creek,  is  30  square  miles.  The  diversion  area  of  De  Euyter 
reservoir,  at  the  head  of  Tioghnigo  river,  whose  outflow  is  turned 
into  the  Erie  Canal  through  Limestone  creek,  is  18  square  miles. 
These  two  areas  have  been  subtracted  from  the  natural  drainage 
area  of  1,580  square  miles,  giving  an  effective  area  of  1,532  square 
miles.  This  estimate  is  approximate,  as  no  allowance  for  direct  in- 
flow to  feeder  channels  from  additional  areas,  nor  for  waste  into  the 
original  stream,  has  been  made.  The  gross  area  from  which  more 
or  less  run-off  is  diverted  is  about  105  square  miles. 

There  is  a  low  dam  about  one  mile  upstream  from  the  gaging  sta- 
tion. For  periods  during  freshets,  or  at  times  when  there  is  an  ab- 
normal rise  on  one  stream,  accompanied  by  a  similar  rise  in  the 
other  stream,  either  the  Chenango  or  Susquehanna  river  record  at 
Binghamton  may  be  affected  by  backwater,  indicating  a  too  great 
discharge.  For  freshets  of  considerable  duration  the  flow  of  the  two 
streams  will  be  more  nearly  equalized.  During  the  winter  months 
the  discharge  is  usually  very  little  affected  by  the  presence  of  ice. 

Since  the  establishment  of  this  station  57  discharge  measure- 
ments have  been  made. 

The  following  data  have  been  furnished  by  the  United  States 
Geological  Survey.  The  data  prior  to  1912  will  be  found  in  the 
1910-11  Report  of  the  Water  Supply  Commission. 


76 


DISCHARGE  MEASUREMENTS  OF  CHENANGO  RIVER,  AT  BINGHAM- 

TON,  N.  Y. 

(Drainage  area,  1,590  aquare  miles  J 
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NORTH  BRANCH  OF  SUSQUEHANNA  RIVER. 


DESCRIPTION  OF  BASIN. 

The  North  Branch  of  the  Susquehanna  river,  which  joins  the 
West  Branch  at  Northumberland  to  form  the  main  Susquehanna 
river,  drains  a  total  area  of  11,485  squaie  miles,  of  which  6,270  lie 
in  Pennsylvania,  and  5,215  in  New  Yoik  State.  This  Branch  rises 
in  the  Catskill  Mountains,  in  southeastern  New  York,  close  to  the 
headwaters  of  the  Delaware  river,  flows  in  a  general  south- 
westerly course  into  Pennsylvania  near  the  northeastern  corner  of 
the  state,  and,  forming  a  loop  about  16  miles  in  length,  again  enters 
New  York  state,  where  it  continues  westerly,  Anally  turning  south- 
ward into  Pennsylvania,  just  north  of  Sayre,  Bradford  county,  and 
follows  a  southeasterly  course  to  Wilkes-Barre,  and  thence  south- 
westerly to  its  junction  with  the  West  Branch.  The  total  length 
of  the  river,  to  the  forks  at  Oneonta,  N.  Y.,  is  approximately  290 
miles.  From  its  headwaters  to  near  where  it  crosses  into  Pennsyl- 
vania for  the  second  time,  this  stream  flows  through  a  well  popu- 
lated, agricultural  area,  the  mountains  being  fairly  well  covered  with 
second  growth  timber,  the  channel  lying  in  a  narrow  valley.  Just 
above  Sayie  the  river  flows  through  a  wide,  open,  thickly  settled, 
farming  country,  but  as  it  enters  Pennsylvania  it  changes  to  a  nar- 
row valley,  bounded  by  hills  400  to  600  feet  high,  and  thus  continues, 
passing  now  and  then  through  broad  flat^,  to  its  mouth. 

The  upper  part  of  the  watershed  in  Pennsylvania  is  thinly  in- 
habited and  not  extensively  farmed,  the  mountains  being  usually 
covered  with  second  growth  timber,  but  from  the  mouth  of  the  Lacka- 
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wanna  river,  10  miles  above  Wilkes-Barre,  to  its  mouth,  the  basin  is 
densely  settled.  In  this  section  lies  the  Wyoming  Valley  anthracite 
coal  field.  Four  cities,  Pittston,  Scranton,  Carbondale  and  Wilkes- 
Barre,  many  large  boroughs  and  numerous  farming  and  mining  vil- 
lages are  found  in  this  drainage  area  in  Pennsylvania,  besides  which 
some  cities  and  boroughs  of  New  York  State  also  lie  in  this  water- 
shed. 

The  slope  of  the  stream  in  Pennsylvania  is  not  steep,  flowing,  as 
it  does,  through  a  succession  of  rapids  and  pools,  and  follows  a  uni- 
form rate  of  about  two  feet  per  mile  to  its  mouth.  All  but  a  small 
portion  of  the  basin,  near  the  mouth,  lies  within  the  glacial  area. 
The  sub-basins,  lying  within  the  glacial  area,  abound  ini  lakes,  ponds 
and  swamps,  and  a  few  of  these  basins  are  still  well  forested. 

The  principal  tributaries  in  New  York  are  the  Chenango  and  TJna- 
dilla  rivers,  and  in  Pennsylvania  the  Chemung  and  Lackawanna 
rivers,  Towanda,  Wyalusing,  Tunkhannock  and  Fishing  creeks. 

Numerous  domestic  water  supplies  are  taken  from  tributaries  of 
the  North  Branch  and  a  few  from  the  parent  stream,  which  is  also 
used  to  some  extent  for  industrial  purposes.  Water  power  is  de- 
veloped only  to  a  limited  extent. 

For  many  years  the  large  coal  mining  companies  in  this  region 
have  been  dumping  culm  and  refuse  matter  into  the  river  and  its 
tributaries,  until  at  the  present  time  the  pools  and  many  channels 
between  the  mouth  of  the  Lackawanna  river  and  Sunbury  are  filled 
to  depths  varying  from  four  to  25  feet,  thus  obstructing  the  fiow, 
polluting  the  river  and,  in  time  of  floods,  causing  damage,  both  by 
reason  of  the  blocking  of  the  channels  and  of  the  culm  being  de- 
posited on  valuable  farm  lands. 

The  river  is  not  used  for  navigation,  being  too  shallow  and  swift. 

Over  the  greater  portion  of  this  basin  there  is  an  average  annual 
precipitation  of  35  to  40  inches,  while  a  small  strip  to  the  southeast 
of  the  stream,  from  Northumberland  to  Scranton,  receives  from  40 
to  45  inches. 

The  flow  has  been  measured  at  Binghamton,  N.  Y.,  since  July  31, 
1901;  at  Wilkes-Barre,  Pa.,  since  March  30,  1899,  67  miles  above 
the  mouth ;  and  at  Danville,  Pa.,  since  March  25, 1899,  12  miles  above 
the  mouth. 
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SUSQUEHANNA  BASIN— STATION  NO.  2. 


NORTH  BRANCH  OF  SUSQUEHANNA  RIVER  AT  BING- 

HAMTON,  N.  Y. 


DESCRIPTION  OF   STATION. 

Tliis  station  was  established  July  31st,  1901,  by  the  United  States 
Geological  Survey,  and  has  since  been  maintained  in  co-operation 
with  the  New  York  State  Engineer.  It  is  located  at  the  Washing- 
ton. Street  Bridge,  about  800  feet  upstream  from  the  junction  of 
Chenango  and  Susquehanna  rivers. 

The  channel  is  straight  for  about  500  feet  above  and  below  the 
bridge,  and  is  about  300  feet  wide  at  low  water  and  about  450  feet 
wide  at  high  water.    The  bed  is  of  gravel  and  small  stones. 

Discharge  nieasuiements  are  made  from  the  Exchange  Street 
Bridge,  1,900  feet  upstieam  from  the  Washington  Street  Bridge,  on 
account  of  the  unfavorable  conditions  produced  by  a  rift  which  ex- 
tends diagonally  across  the  stream  underneath  the  latter  bridge. 

A  standard  chain  gage  4s  attached  to  the  upstream  side  of  the 
left  span  of  the  Washington  Street  Bridge.  The  gage  is  upstream 
from  the  crest  of  the  rift  and  over  a  stretch  of  smooth  water  ex- 
tending to  a  dam  about  2,800  feet  above.  The  length  of  chain  from 
the  bottom  of  weight  to  the  marker  is  26.17  feet;  the  elevation  of 
zero  is  arbitrary.  The  Bench  Mark  is  a  chiselled  draft  on  the  cor- 
ner of  the  left  bridge  abutment,  on  the  upstream  side;  elevation  23.- 
71  feet  above  gage  datum.    The  gage  is  read  twice  daily. 

During  the  winter  months  the  discharge  is  usually  affected  but 
little  by  the  ice  conditions.  High  water  estimates  are  liable  to  con- 
siderable error,  due  to  backwater  conditions  from  ice  jams,  w^hich 
form  near  Willow  Point  and  also  from  high  water  conditions  in  the 
Chenango. 

Since  the  establishment  of  this  station  57  discharge  measurements 
have  been  made. 

The  following  data  liave  been  furnished  by  the  Ignites  States  Geo- 
logical Surve}'.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
report  of  the  Water  Supply  Commission. 
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DISCHARGE    MEASUREMENTS    OF    NORTH    BRANCH    SUSQUEHANNA 

RIVER,  AT  BINGHAMTON,  N.  Y. 

(Drainage  area  2,400  square  miles.) 


No. 


Date. 


llydrographer. 


3912 
S2    Mar.    17. 

r?  :  Mar.    19, 

:><  '  Mar.    2a. 

55  April    6, 

56  April    7. 

57  July    24, 
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McMillan, 
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Weber,  .. 
Weber,  . . 
Weber,     . , 


Feet. 
»74 
361 
367 
8S2 
362 
236 


Sq. 

ft. 
41(W 

3370 

413t> 

3340 

3970 

ai6 


Ft. 

per 
sec. 
5.88 

4.47 

1.77 

4.21 

4.54 

1.13  ! 


Feet. 

10.68 

9.G8 


Sec. 
ft. 
24100 

16800 


10.67  .    IS'SOO 


8.70 

lft730 

0.40 

I'fOOO 

1.87 

855 

From     Exchange     Street 

bridge. 
From     Exchange     Street 

bridge. 
From     Exchange     Street 

bridge. 
From     Exchange    Street 

bridge. 
From    Exchange     street 

bridge. 
Wading    measurement. 


DISCHARGE  TABJ.E  FOR  NORTH  BRANCH  SUSQUEHANNA  RIVER,  AT 
BINGHAMTON,  N.  Y.  FROM  JAN.   1,  1911,  TO  DEC.  31,  1912. 
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8020O 
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800 

.40 
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7.00 

13550 

.60 
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.20 
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6390 
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6660 

.20 
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ESTIMATED  MONTHLY  DISCHARGE  OF  N.  BR.  SUSQUEHANNA  RIVER 

AT  BINGHAMTON,  N.  T. 

(Drainage  area,  t,400  square  mUeeJ 


MONTH. 


1912. 

Jannary,    

February,    

Marcb 

April 

May 

Jane,      

Jtly,     

August,     

September 

October,     • 

NoTember,    

December,     

The    year,     — 


Discharge  in  Second-feet. 


Maximom. 

Minimum. 

5680 

1440 

9720 

860 

SS400 

1650 

84500 

4620 

7760 

1660 

2S90 

540 

540 

410 

2100 

800 

8600 

690 

ISOOO 

1240 

18900 

2100 

IfiiOO 

1870 

M500 

800 

Mean. 


8M0 

99O0 

14700 

8860 

1180 
4T7 
706 

2820 


4410 
6100 


4280 


Run-Off. 


Second-feet 

per  square 

Depth  in 

mile. 

inches. 

1.190 

1.870 

1.890 

1.600 

4.150 

4.780 

6.120 

6.880 

1.400 

1.(0.0 

0.492 

0.650 

0.190 

0.280 

0.294 

0.810 

0.967 

1.080 

1.240 

1.489 

1.840 

2.06O 

2.120 

^      2.410 

1.784 

21.210 

Note.— The  discharge  has  been  reduced  on  those  days  when  the  gage  heights  were  affected  by 
backwater   from   the  Chenango  Rlrer. 


CHEMUNG  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Chemung  river  is  formed  near  Painted  Post,  in  the  south- 
eastern part  of  Steuben  county,  N.  Y.,  by  the  confluence  of  Cohocton 
and  Tioga  riveis.  Cohocton  river,  the  north  branch,  drains  the  op- 
posite or  southern  slope  of  the  divide  at  the  head  of  Keuka  and 
Canadaigua  Lakes.  Its  drainage  area  lies  wholly  in  the  State  of 
New  York,  principally  in  Steuben  county  and  comprises  approxi- 
mately 630  squaie  miles  above  the  mouth.  Tioga  river  rises  in  Tioga 
county,  Penn'a,  and  flows  northward,  crossing  the  state  line  near 
Lawrenceville,  Penn'a.  The  last  fifteen  miles  of  its  course  lie  in 
New  York  State.  It  has  about  1,330  square  miles  of  drainage  area 
above  its  mouth,  (589  of  which  lie  in  Penn'a.  About  five  miles  from 
its  mouth  the  Tioga  river  receives,  from  the  left,  Canisteo  river, 
which  rises  in  the  northeast  corner  of  Allegheny  county,  N.  Y.,  and 
flows  in  a  southeasterly  direction,  draining,  with  its  tributaries,  the 
southern  part  of  Steuben  county.  Its  drainage  area  comprises  about 
540  square  miles. 

The  Chemung  river  flows  southeastward  through  Coming,  Elmira 
and  Chemung,  crosses  the  state  line  and  flows  for  approximately 
two  and  one-half  miles  in  Penn'a,  returns  to  New  York  for  approxi- 
mately two  and  one-half  miles,  and  crosses  again  to  Penn'a  near 
6 


/ 
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Waverly,  emptyiDg  into  the  tSusquehaniia  river  near  Athens,  Brad- 
ford county,  Penn'a.  The  total  length  of  the  river  proper  is  about 
forty  miles,  of  which  thirty  miles  lie  in  New  York;  the  drainage 
area  at  the  mouth  being  approximately  2,520  square  miles,  832  of 
which  are  in  Pennsylvania. 

The  Chemung  river  is  sluggish  throughout  its  course,  flowing  over 
a  wide,  gravelly  bed,  in  a  series  of  rifts  and  pools,  and  one  or  the 
other  of  the  banks  is  usually  low  and  subject  to  frequent  overflow. 
The  hills  bordering  the  river  rise  to  a  height  of  several  hundred  feet 
on  either  side,  within  a  short  distance  of  the  stream.  The  upland 
plateau  is,  to  a  large  extent,  wooded,  has  impervious  soil,  no  lake 
storage  and  few  marsh  areas.  Tributaries  are  ramifying  and  uni- 
formly distributed,  though  not  very  numerous,  and  dry  gullies,  or 
flood  channels,  are  common.  The  principal  tributaries  in  Pennsyl- 
vania are  Seely  creek.  South  creek  and  Bently  creek,  all  of  which  join 
the  river  in  New  York  State. 

In  its  watershed  in  Pennsylvania  lie  the  boroughs  of  Athens,  Sayre 
and  South  Waverly,  while  in  New  York  are  Corning,  Elmira,  Che- 
mung and  Waverly. 

The  mean  annual  precipitation  over  this  watershed  is  from  35  to 
40  inches. 

Tl»e  discharge  of  this  stream  has  been  measured  since  Sept.  7,  1903, 
at  Chemung,  approximately  10  miles  above  its  mouth. 


SUSQUEHANNA  BASIN— STATION  NO.  3. 


CHEMUNG  RIVER  AT  CHEMUNG,  N.  Y. 


DESCRIPTION    or    STATION. 

This  Station,  established  September  7th,  1903,  by  the  United  States 
Geological  Survey,  and  maintained  through  co-operation  with  the 
New  York  State  Engineer,  is  located  at  a  two  span,  steel  truss 
bridge,  midway  between  Chemung,  N.  Y.,  and  Willawanna,  Penn'a, 
near  the  state  line. 

The  channel  is  straight  for  700  feet  above  and  800  feet  below  the 
station.  The  right  bank  is  high,  cleared  and  not  subject  to  over- 
flow ;  the  left  bank  is  medium  height,  wooded,  and  overflows  at  high 
water.  The  bed  of  the  stream  is  composed  of  gravel  and  is  per- 
manent.   The  current  is  good.    There  is  but  one  channel  at  all  stages. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge.  Initial  point  for  soundings  is  the  face  of  the  right  abut- 
ment on  the  downstream  side. 
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A  tape  and  weight  gage  is  attached  to  the  upstream  side  of  the 
bridge,  near  the  right  bank,  and  is  read  twice  daily.  The  length  of 
the  tape  from  the  bottom  of  weight  to  the  marker  is  29.58  feet.  The 
elevation  of  zero  is  arbitrary.  Bench  Mark  No.  1  is  formed  by  three 
nails  driven  into  a  telegraph  pole  70  feet  to  the  right  of  the  initial 
point  for  soundings  and  about  30  feet  upstream.  The  pole  is 
marked  with  black  paint  "U.  S.  G.  S.  B.  M."— elevation  29.88  feet 
above  gage  datum. 

The  suspension  bridge  to  which  the  gage  was  originally  attached 
was  removed  during  the  summer  of  1911,  and  on  April  19,  1911,  the 
gage  was  placed  250  feet  upstream  from  the  bridge.  Headings  were 
taken  on  this  gage  from  this  latter  date  until  February  19,  1912, 
when  the  gage  was  replaced  on  the  new  structure  on  the  original 
datum. 

The  smooth  water  reaches  of  the  stream  become  ice  covered  in 
winter.  Needle  ice  forms  over  the  rapids  and  is  carried  under  the 
surface  ice.  Much  of  the  winter  flow  apparently  filters  through  these 
beds  of  needle  ice  at  times.  The  conditions  render  estimates  of 
the  daily  discharge  in  winter  impracticable. 

Since  the  establishment  of  this  station  39  discharge  measurements 
have  been  made. 

The  following  data  have  been  furnished  by  the  United  States 
Geological  Survey.  The  data  prior  to  1912  will  be  found  in  the 
1910-11  report  of  the  Water  Supply  Commission. 


DISCHARGE   MEASUREMENTS   OF  CHEMUNG   RIVER,   AT  CHEMUNG, 

N.  Y. 

(Drainage  area,  2AiO  square  miles.) 


No. 


35 
86 
87 
38 
39 


Date. 


,       1912 
39     Feb.    19. 


Mar.    16. 

Mar.  18, 
Mar.  2S. 
April  3. 
April  4, 
July    20, 


Hydrographer. 


a 

o 

• 

*-i 

4.1 

4^ 

s 

1 

9 

^ 

« 

9> 

« 

■ 
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a 
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OeGolyer,     

Ck>vert  &  McMillan, 
Covert  &  McMillan, 

Canfleld 

Weber.  

Weber,     

Weber 


Remarks. 


Feet. 
3.08 

Sec. 
ft. 
252 

12.08 

25600 

10.51 

18000 

4.35 

2480 

9.84 

18100 

8.12 

1230O 

2.07 

282 

Measurement    under    Ice 

COViT. 


Wading  msmt  SOO'  beloivi 
g«ge. 


}fQt^,_AU  measurements  except  that  of  February  19,    referred  to  gage  on  new   bridge. 
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DISCHARGE   TABLE    FOB   CHEMUNG   BIYEB   AT   CHEMUNG,    N.    T., 

FBOM  JAN.  13,  1911. 
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Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet 

Sec.  ft. 

1.40 

89 

4.00 

2020 

.60 

7670 

.20 

16000 

.80 

27O0O 

.50 

58 

.10 

ZIOO 

.70 

7840 

.80 

16400 

.90 

27500 

.00 

75 

.20 

2810 

.80 

8120 

.40 

16800 

12.00 

2BO0O 

.70 

106 

.80 

2470 

.90 

8410 

.50 

1720O 

.10 

28500 

.80 

140 

.40 

2680 

7.00 

8700 

.60 

17600 

.20 

29000 

.90 

'  180 

.50 

2800 

.!(• 

9000 

.70 

1800O 

.80 

28600 

a.oo 

220 

.60 

2880 

.20 

9800 

.80 

18100 

.40 

aoooo 

.10 

270 

.70 

8170 

.30 

9600 

.90 

18S00 

.50 

30600 

.20 

820 

.80 

ssdo 

.40 

9900 

10.00 

19200 
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.80 
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.40 
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.50 

7300 

.10 

16600 

.70 
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ESTIMATED  MONTHLY  DISCHARGE  OF  CHEMUNG  RIVEB  AT 

CHEMUNG,  N.  Y. 

(Drainage  area,  2,440  square  miles.) 


MONTH. 


January,    . 
February, 
March,    ... 

April 

May 

June,      — 
July 

AUgUHt,      . . 

September, 
October,     . 
November, 
December, 


ldl2. 


The  year. 


DiBcharge  in  Second-feet. 

Maximum. 

Minimum. 

Mean. 

700 
150G 
8150 

446W 

860 

25600 

2020 

8930 

17200 

1010 

8880 

247& 

245 

701 

i78 

188 

272 

e69 

184 

287 

13200 

270 

2200 

2980 

412 

1300 

5800 

655 

1680 

6S0O 

620 

2090 

2640 

1 

Run-off; 


Second-feet 

per  square 

mile. 


0.287 
0.615 
8.340 
8.660 
1.S70 
0.2S7 
0.111 
0.118 
0.901 
O.&SS 
0.689 
0.858 


i.oeo 


Depth   in 
iDchea. 


O.J 

o.eeo 

3.S50 
4.060 
I.SIO 
0.32D 
0.133 
0.140 
1.000 
0.610 
0.770 
0.S90 


14.690 


Note.— River  frozen  Jan.  5— Feb.  26  inclmlve.     Discharge  estimated  from  one  discharge  measure- 
ment under  ice  cover,   and  climatologlcal  records. 


WYALUSING  CREEK. 


DESCRIPTION  OF  BASIN. 

Wyalusing  creek,  a  tributary  of  the  North  Branch  of  the  Sus- 
quehanna river,  in  Susquehanna  and  Bradford  counties,  drains  ap- 
proximately 215  square  miles.  Eising  in  three  branches,  the  head- 
waters of  which  spread  over  the  central  and  western  parts  of  Sus- 
quehanna county,  and  join  near  Kushland  near  the  Susquehanna- 
Bradford  county  line,  it  follows  a  general  southwesterly  course  to 
its  mouth  at  Wyalusing,  Bradford  county,  a  distance  of  approxi- 
mately 30  miles.  The  basin  is  sparsely  populated,  the  habitations 
being  scattered  over  the  agricultural  section  and  in  small  villages, 
the  watershed  consisting  of  hilly,  farming  country,  containing  little 
timber  except  on  the  hilltops.  The  principal  tributaries  are  the 
North,  Middle  and  East  Branches,  which  form  its  headwaters,  and 
include  a  number  of  lakes  in  their  watersheds.  This  creek  lies  en- 
tirely within  the  glacial  area,  the  slope  being  gradual  throughout 
most  of  its  course.  Wyalusing  creek  is  used  to  a  limited  extent  for 
power  purposes. 

The  mean  annual  precipitation  over  this  watershed  is  from  35  to 
40  inches. 

The  discharge  of  this  stream  has  been  measured  since  October  28, 
1908,  at  Wyalusing,  2^  miles  above  the  mouth. 
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SUSQUEHANNA    BASIN—STATION    NO.    4. 


WYALUSING  CREEK  AT  WYALUSING. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  October  28,  1908,  at  a  single  span,  steel,  through- 
truss,  highway  bridge,  about  2^  miles  above  the  mouth. 

The  channel  is  straight  for  1,000  feet  above  and  below  the  station. 
The  light  bank  is  high  and  not  subject  to  overflow,  while  the  left 
bank  is  low  and  water  passes  around  the  bridge  at  high  stages.  There 
is  an  abandoned  head  race  to  the  left  of  the  bridge  through  which 
water  passes  above  gage  height  2.9  feet.  The  bed  of  the  stream  is 
locky  and  permanent. 

Dischaige  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  and  by  wading  at  a  section  600  feet  below  during  low 
water.  The  initial  point  for  soundings  is  top  edge  of  east  abutment, 
downstieam  side. 

A  standaid  chain  gage  is  fastened  to  the  bottom  chord  on  the 
downstieam  side  of  the  bridge.  The  length  of  chain  from  the  bot- 
tom of  weight  to  center  of  marker  is  16.80  feet.  The  elevation  of 
zero  is  aibitiary  datum.  liench  Mark  Ko.  1  is  a  projection  on  the 
second  stone  in  the  bottom  course  of  the  face  of  the  upstream  wing 
of  the  left  abutment,  one  foot  from  the  first  vertical  joint  of  the 
abutment;  elevation  5.512  feet  above  zero  of  gage.  The  gage  is  read 
once  daily  by  Alton  S.  Taylor. 

There  aie  several  mills  on  the  stream  above  the  bridge. 

Since  the  establishment  of  this  station,  29  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  leport  of  the  Water  Supply  Commission. 
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DISCHARGE   MEASUREMENTS   OF   WYALUSING   CREEK,   AT   WTALU- 

SING,   BRADFORD  COUNTY,   PA. 

(Drainage  area,  £14  square  miles.) 


1 

• 

• 

•4 

h 

4-> 

No. 

Date. 

Hydrographer. 

W4 

4» 

ja 

■ 

Remarks. 

• 

o 

> 

x; 

•< 

*• 

Width 

t  ■ 

m 
O 

•1 

1 

- 

Ft. 

Feet. 

Sq. 

per 

Feet. 

Sec. 

191S 

ft. 

sec. 

ft. 

29 

March  18 

Reckord  &  Knight,  .. 

U6 

**i 

2.06 

1.66 

416  !  0.6  measurement 

1 

DISCHARGE  TABLE  FOR  WYALUSING  CREEK,  AT  WYALUSING, 
BRADFORD  COUNTY,  FROM  DEC.   1,  1908. 
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ESTIMATED   MONTHLY   DISCHARGE   OF   WYALUSING   CREEK,   AT 

WYALUSING,    BRADFORD   COUNTY. 

(Drainage  area,  2H  square  miles.) 


AIONTH. 


January, 
February, 
March,    ... 

April 

May 

June 

July,    

August,    . . 

September, 

October, 

November, 

December, 


1912. 


The   year, 


Discharge  in  Second -feet. 

1 

j 
Maximum. 

r 

Minimum. 

Mean. 

242 

140 

177 
268 
849 
970 

27C0 

2S4 

1410 

5S 

368 

(V4 

10 

29 

25 

8 

11 

897 

4 

67 

3860 

46 

775 

846 

63 

182 

2SJ> 

89 

340 

2100 

84 

342 

364 

Run-off. 


Becond-feet 

per  square 

Depth  in 

mile. 

inches. 

0.827 

0.968 

1.252 

i.r>o 

8.967 

4.573 

4.5S3 

5.0&7 

1.686 

1.955 

.136 

.152 

.061 

.059 

.318 

.m 

3.621 

4.040 

.850 

.980 

1.589 

1.773 

1.598 

1.84S 

1.706 


23.096 


Note.— Discharge  Feb.  22-Mar.  15  Inclusive,  estimated  from  I^ckawanna  river  at  Scranton. 


LACKAWANNA  RIVER. 


DESCRIPTION  OF  BASIN. 

Lackawanna  river,  one  of  the  major  tributaries  of  the  North 
Branch  of  the  Susquehanna  river  in  northwestern  Pennsylvania, 
drains  an  area  of  approximately  845  square  miles  in  Susquehanna, 
Wayne,  Lackawanna  and  Luzerne  counties,  on  the  west  slope  of  the 
Delaware-Susquehanna  Divide.  Rising  in  numerous  lakes  in  two 
branches,  one  on  either  side  of  the  central  part  of  the  Wayne-Sus- 
quehanna county  line,  which  join  a  short  distance  below  Union  Dale, 
Susquehanna  county,  it  follows  a  southerly  course  through  Sus- 
quehanna and  Wayne  counties  and  thence  flows  southwest  through 
Lackawanna  county  to  its  mouth  above  Pittston,  Luzerne  county, 
a  distance  of  approximately  50  miles.  The  upper  section  of  this 
stream,  to  Forest  City,  Susquehanna  county,  flows  through  a  rolling, 
farming  country,  sparsely  populated  and  largely  deforested.  From 
this  point  the  valley  widens  to  approximately  six  miles  in  width, 
bounded  on  one  side  by  Bald  Mountain,  and  on  the  other  by  Moosic 
Mountain,  partly  covered  with  second  growth  timber,  the  stream 
flowing  through  a  thickly  populated  coal  mining  territory. 

The  stream  is  exceedingly  rapid,  falling  from  the  junction  of  the 
two  branches  (elevation  1,590)  at  Stillwater,  to  Olyphant,  a  dis- 
tance of  23  miles,  at  the  rate  of  30  feet  per  mile;  from  Olyphant, 
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thioiigh  Scranton  to  Moosic,  a  distauce  of  12  miles,  at  the  rate  of 
10  feet  per  mile;  and  from  Moosic  to  its  mouth  (elevation  526),  a 
distance  of  four  miles,  at  the  rate  of  27  feet  per  mile.  It  lies  entirely 
within  the  glacial  area.  There  are  many  tributaries,  the  largest 
of  which  are  Spring  and  Roaring  Brooks.  Scranton,  the  third 
largest  city  in  Pennsylvania,  and  many  boroughs,  are  located  in 
this  basin.  On  account  of  the  presence  of  mine  washings,  the  main 
stream  is  not  used  for  water  supply  purposes,  although  most  of 
its  tributaries  are  extensively  employed.  The  dry  weather  flow 
is  maintained  above  the  natural  flow  of  other  streams  in  this  section 
by  the  drainage  of  mine  water  into  the  stream. 

The  mean  annual  precipitation  over  this  watershed  is  from  35  to 
40  inches. 

The  discharge  of  this  stream  has  been  measured  since  July  1,  1908, 
at  Scranton,  about*  eight  miles  above  the  mouth. 


SUSQUEHANNA  BASIN— STATION  NO.  5. 


LACKAWANNA  RIVER  AT  SCRANTON. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  July  1,  1908,  at  a  single  span,  steel,  through  truss, 
highway  bridge  at  Carbon  Street,  Scranton,  and  was  discontinued 
September  1(5,  1911,  until  February  2,  1912,  on  which  date  it  was  re- 
established at  the  same  point. 

Just  above  the  bridge  theie  is  a  sharp  curve  to  the  right,  while  be- 
low the  station  the  channel  is  nearly  straight  for  1,000  feet.  The 
current  passes  under  the  bridge  at  a  25  degree  angle  to  the  right,  and 
is  practically  normal  under  the  water  pipe  bridge,  except  at  high 
stages.  The  water  pipe  bridge  is  located  about  10  feet  downstream 
from  the  highway  bridge.  Both  banks  are  high  and  not  subject  to 
overflow;  there  being  a  good  ashlar  abutment  on  either  side  of  the 
bridge.  The  bed  of  the  stream  is  of  mud  and  loose  stones,  together 
with  a  large  amount  of  culm,  and  probably  shifts  considerably ;  while 
the  waters  of  the  river  are  polluted  with  mine  wastes. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  Carbon  Street  Bridge;  the  downstream  girder  of  the  water 
pipe  bridge,  just  below,  and  by  wading  at  a  section  several  hundred 
feet  upstream.  The  initial  point  for  soundings  on  the  Carbon  Street 
Bridge  is  right  end  of  downstream  hand-rail;  on  the  water  pipe 
bridge,  initial  point  is  right  end  of  downstream  girder. 
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A  standard  chain  gage  is  attached  to  the  Carbon  Street  Bridge. 
The  length  of  chain,  from  the  bottom  of  the  weight  to  the  marker 
is  20.83  feet.  The  elevation  of  zero  is  676.577  feet,  Sandy  Hook  datum 
of  the  D.  L.  &  W.  Railroad.  Bench  Mark  No.  1  is  on  the  spout  of  a 
fire  plug  on  the  south  corner  of  Carbon  Street  and  Love  Road,  eleva- 
tion 691.987  feet.  Bench  Mark  No.  2  is  on  a  stone  projection  on  top 
of  eighth  course  from  top  under  left  hand  downstream  corner  of 
Carbon  Street  Bridge,  elevation,  682.801  feet. 

This  station  is  maintained  in  co-operation  with  the  City  Engineer's 
office  of  Scran  ton,  the  gage  being  read  twice  daily,  except  Sunday, 
by  an  employee  of  that  office. 

Since  the  establishment  of  this  section  17  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 

Owing  to  the  uncertainty  of  gage  heights  during  1912,  only  the  dis- 
charge measurements  and  rating  table  have  been  published. 


DISCHARGE  MEASUREMENTS  OF  LACKAWANNA  RIVER,  AT  SCRAN- 
TON,  LACKAWANNA  COUNTY,  PA. 

(Drainage  area  175  square  miles. J 


No.       Date. 


Hydrographer. 
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DISCHARGE  TABLE   FOR   LACKAWANNA   RIVER,   AT   SCRANTON, 
LACKAWANNA  COUNTY,  FROM  JANUARY  1st,  1912. 
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Note.— This   rating   table  Is  only  applicable   subsequent   to  Jan.   1,    1912,    and   is   baaed  on   tiro 
discharge  measurements  made  during  1912  and  1918,   together  with  former  cnnre. 
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SUSQUEHANNA  BASIN— STATION  NO.  6. 


NORTH  BRANCH  OF  SUSQUEHANNA  RIVER  AT  WILKES- 

BARRE. 


J)ESCRIPTION    OF    STATION. 

This  station  was  established  by  the  United  States  Geological  Sur- 
\ey  in  co-operation  with  the  United  States  Weather  Bureau,  on 
March  30th,  1899,  at  the  Market  Street  Bridge,  Wilkes-Barre. 

The  channel  is  straight  for  one-quaiter  mile  above  and  below  the 
station.  The  left  bank  is  high  and  above  ordinary  floods,  while  the 
right  bank  is  low  and  overflows  at  approximately  20  feet  gage  height. 
The  bed  consists  of  sand  and  gravel  and  is  somewhat  shifting. 

Discharge  measurements  are  taken  from  the  upstream  side  of  the 
bi'idge,  which  has  a  total  span  of  700  feet  between  abutments.  The 
initial  point  for  soundings  is  east  end  of  upstream  hand-rail. 

In  1888  readings  ^ere  commenced  by  the  U.  S.  Weather  Bureau 
on  a  staff  gage  attached  to  the  easternmost  pier.  During  low  stages 
of  the  river,  however,  the  water  receded  from  the  pier,  and,  there- 
fore, on  March  30th,  1899,  a  standard  chain  gage  superceded  the  staff. 
The  datum  of  the  chain  gage  was  four  feet  below  the  zero  of  the 
staff  gage,  thus  eliminating  the  minus  readings  of  the  gage.  Soon 
after  the  installation  of  the  chain  gage  by  the  Geological  Survey,  the 
Weather  Bureau  adopted  the  same,  taking  readings  once  daily.  The 
standard  length  of  chain  from  the  bottom  of  weight  to  the  marker 
was  40.68  feet.  Bench  Mark  No.  1  is  extreme  west  end  of  stone 
door-sill  of  north  entrance  to  Coal  Exchange  Building,  elevation,  32.- 
99  feet  above  zero  of  gage.  Bench  Mark  No.  2  is  top  of  rail  in  front 
of  Lehigh  Valley  Depot,  elevation,  39.70  feet  above  gage  datum,  and 
545  feet  above  mean  sea  level.  Bench  Mark  No.  3  is  top  of  stone 
monument  at  Northampton  and  River  Streets,  elevation,  30.70  feet 
above  zero  of  gage  and  536  feet  above  mean  sea  level.  The  elevation 
of  zero  of  gage  is  505.3  feet  above  mean  sea  level. 

On  July  20,  1910,  the  U.  S.  Weather  Bureau  installed  a  Mott  gage 
to  replace  the  chain  gage,  referred  to  the  datum  of  the  previous  gage, 
or  Bench  Mark  No.  3,  the  standard  length  of  tape  being  40.67  feet, 
which  gage  has  been  operated  since  that  date. 

On  account  of  the  inaccuracy  of  gage  heights  from  1888  to  1899, 
due  to  a  confusion  in  the  elevation  of  the  gage  datum,  no  data  has 
been  published  for  this  period. 

Since  the  establishment  of  this  station  35  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  N.  BR.   SUSQUEHANNA  RIVER,  AT 

WILKES-BARRE,  LUZERNE  COUNTY,  PA. 

(Drainage  area  9,995  square  miles.) 
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DISCHARGE  TABLE   FOR   NORTH   BR.    SUSQUEHANNA   RIVER    AT 
WILKES-BARRE,   LUZERNE  COUNTY,   FROM  JANUARY  Ist,   1912. 
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Note.— This  table  l8  only  applicable  Kubsoquent  to  Jan.   1,   1912,   and  Is  based  on  two  dlscbar^' 
measurements   made   during   1912-13,    together   with    former   curve. 
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ESTIMATED  MONTHLY  DISGHAB6E  OF  NORTH  BR.    SUSQUEHAl^KA 
RIYER  AT  WILKES-BARRE,  LUZERNE  COUNTY. 

(Drainage  Area  9,995  Square  Mile9.) 


DIschai'ge  In  Second-feet. 


Bun-off. 


MONTH. 


1912. 


January,    . 
February, 
Marcb,    ... 

April 

May 

June,     — 

July 

Au^st,    . . 

Sei)tem.er, 

October, 

NovembiT, 

December, 


Maximum. 


The    year, 


119000 

126000 

4S40O 

S700 

1320 

4380 

66300 

25400 

85700 

88700 


Minimum. 


Mean. 


7840 

15400 

4620 

1320 

925 

918 

2240 

8340 

OiJOO 

6S60 


6790 

8160 

83600 

46200 

16600 

8450 

U80 

1700 

12600 

9270 

18100 

15600 


U900 


SeeoDd-feet 

per  square 
mile. 

Deptb   la 

Inches. 

0.679 

&.781 

0.816 

^,SM 

8.262 

t.70 

4.628 

(.167 

1.661 

l.«16 

0.846 

t.3M 

0.118 

o.]je 

0.170 

•.iM 

1.261 

1.407 

0.927 

1.069 

1.8U 

1.461 

1.561 

1.80O 

1.894 


Note.— River  frozen  Jan.  &-Feb.  :'  ,  Inclnsire,  daily  dlsclianre  estimated  from  Lackawuma  Rirer 
at  Scranton,  Delaware  River  at  Poti  Jervls  and  cUniatolo^lcai  records. 


SUSQUEHANNA  BASIN-STATION  NO.  7. 


NORTH  BRANCH  OF  SUSQUEHANNA  BASIN  AT  DANVILLE. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Oeological  Sar- 
y^  on  March  25thy  1899,  at  Mill  Street  Bridge,  near  Pennsylvania 
Railroad  Station,  at  South  Danville,  52  miles  below  Wilkes-Barre, 
and  about  11  miles  above  the  junction  of  the  North  Branch  with  the 
West  Branch  of  the  Susquehanna  river,  at  Northumberland.  On 
April  1st,  1907,  this  station  was  taken  over  by  the  Water  Supply 
Commission  of  Pennsylvania,  and  has  since  been  maintained  and 
operated  by  this  Commission. 

The  channel  is  straight  for  one-half  mile  above  and  below  the 
station.  The  right  bank  is  liable  to  overflow  in  extreme  freshets, 
while  the  left  bank  is  high  and  does  not  overflow.  The  bed  of  the 
river  is  permanent,  consisting  of  rocks  and  gravel. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge;  the  initial  point  for  soundings  being  the  downstream 
corner  of  the  right  abutment,  Danville  side. 

On  March  25th,  1899,  a  standard  chain  gage  was  attached  to  the 
bridge,  but  on  March  9th,  1904,  the  bridge  and  gage  were  carried 
away  in  an  ice  freshet  and,  from  that  date  until  March  24th,  1905, 
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observations  were  made  from  temporary  gages  and  were  constantly 
liable  to  error.  On  March  24th,  1905,  a  new  chain  gage  was  attached 
to  the  upstream  hand-rail  of  the  new  bridge  in  the  first  span  from  the 
right  bank.  On  July  8th,  1905,  the  gage  was  moved  and  attached  in 
the  same  position  on  the  downstream  side  of  the  bridge.  In  both 
positions  it  was  referied  to  the  datum  of  former  gages.  The  length 
of  chain  from  the  bottom  of  weight  to  the  marker  is  44.63  feet;  the 
elevation  of  zero  being  arbitrary  datum.  Bench  Mark  No.  1  is  on 
the  extreme  south  end  of  the  stone  door-sill  at  the  east  entrance  to 
the  City  FUtration  Plant,  elevation,  31.70  feet  above  zero  of  gage. 
Bench  Mark  No.  2  is  a  point  on  the  face  of  the  first  course  of  the 
right  abutment,  located  three  inches  from  the  top  of  course,  and  2.65 
feet  from  the  downstream  side,  elevation,  14.05  feet  above  gage  datum. 

During  the  period  January  1,  1904,  to  March  22,  1905,  the  daily 
gage  heights  and  discharge  have  not  been  published,  due  to  the  in- 
accuracy of  the  gage  heights  obtained  from  the  temporary  gages 
which  were  in  operation  through  most  of  this  period. 

Since  the  establishment  of  this  station  31  discharge  measurements 
have  been  made.  No  discharge  measurements  have  been  made  since 
the  1910-11  report  of  the  Water  Supply  Commission.  The  data  prior 
to  1912  will  be  found  in  the  above  mentioned  report. 
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DISCHARGE  TABLE  FOR  NORTH  BR.  SUSQUEHANNA  RIVER  AT  1>AN 
VILLE,   MONTOUR  COUNTY,   FROM  JAN.    1,    1912. 
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O 
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Feet. 

G 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

l.GO 

790 

.50 

15840 

.40 

40770 

.30 

77580 

20 

l:;«v: 

.70 

920 

.60 

15860 

.50 

41610 

.40 

78640 

.30 

1257 so 

.SO 

1070 

.70 

16390 

.60 

4240O 

.60 

79700 

.40 

IJTIW 

.90 

1240 

.80 

leb'jo 

.70 

43300 

.60 

807SO 

.50 

122i«JO 

2.00 

1420 

.90 

17460 

.80 

44160 

.70 

81M41 

.60 

ISOf^ 

.10 

1620 

6.00 

1800O 

.90 

45030 

.80 

^'diiO 

.70 

izi:».'0 

.20 

1830 

.10 

18540 

10.00 

4590O 

.90 

840CS> 

.80 

1329ft' 

.30 

TORO 

.20 

19090 

.10 

46770 

U.OO 

s-iiao 

.90 

13441V 

.40 

2300 

.30 

19610 

.» 

47650 

.10 

86220 

18.00 

JX^SfOO 

.50 

2560 

.40 

2O20O 

.80* 

48530 

.20 

&7320 

.10 

13?3^0 

.60 

2840 

.50 

20770 

.40 

49420 

.30 

y8440 

.20 

13V»» 

.70 

8140 

.60 

21340 

.50 

50310 

.40 

89560 

.80 

140880 

.80 

3460 

.70 

21920 

.60 

51200 

.50 

9061^0 

.40 

141JIJ9 

.90 

3780 

.80 

X-TilO 

.70 

52(190 

.60 

91830 

.50 

143400 

S.OO 

4120 

.90 

23100 

.80  1 

52990 

.70 

92960 

.60 

144920 

.10 

4480 

7.00 

LS/OO 

.90 

53890 

.80 

94100 

.70 

llvlio 

.20 

4840 

.10 

24310 

11.00 

54800 

.90 

96260 

.80 

147Jfw> 

.30 

b220 

.20 

24930 

.10 

55720 

15.00 

96420 

.90 

14SGJ> 

.40 

5600 

.30 

25550 

.20 

56650 

.10 

97580 

19.00 

1»10«> 

.50 

6000 

.40 

06180 

.30 

57590 

.20 

98760 

.10 

1.'.263) 

.60 

6400 

.50 

28820 

.40 

58530 

.30 

99940 

.20 

154ISO 

.70 

6800 

.60 

27460 

.50 

59480 

.40 

101140 

.30 

155740 

.SO 

7220 

.70 

28U0 

.60 

604») 

.60 

10:^40 

.40 

liTSi) 

.90 

7660 

.80 

28770 

.70  1 

61890 

.60 

10B5tJO 

.50 

15SS00 

4.00 

8100 

.90 

29430 

.80 

62360 

.70  1 

1047  SO 

.60 

lOOiMi 

.10 

8560 

8.00 

30100 

.90 

63340 

.80 

lOSO-.'O 

.70 

1630^ 

.20 

9000 

.10 

3O7S0 

12.0U 

64320 

.90 

io:i60 

.80 

l<39iO 

.30 

9160 

.20 

31470 

.10  1 

65300 

16.00, 

108520 

.90 

16r»>'^ 

.40 

992(> 

.30 

32180 

.20 

66280 

.10  ' 

109780 

20.00 

IGt^SO 

.50 

10390 

.40 

32900 

.80 

67280 

.20 

111060 

.10 

16N300 

.60 

10660 

.50 

33630 

.40 

68280 

.80 

112340 

.20 

17&1» 

.70 

11340 

.60 

34380 

.50 

69280 

.40 

113&10 

.30 

171740 

.80 

11820 

.70 

35140 

.60; 

7060O 

.50 

114«0 

.40 

1733«0 

.90 

12310 

.80 

35910 

.70' 

71830 

.60 

116260 

.50 

1750«» 

5.00 

12800 

.90 

36700 

.fO| 

72340 

.70 

1175S0 

.60 

176640 

.10 

13S0O 

9.00 

87500 

.90' 

73380 

.80 

118920 

.70 

1TS2S0 

.20 

13800 

.10 

88310 

18.00 

74420 

.90 

120260 

.80 

17&9J0 

.30 

14310 

.20  1 

39120 

.10 

75460 

17.00 

121620 

.90 

1S15M) 

.40 

14820 

.80 

39940 

.20  1 

1 

76520 

.10 

123000 

21.00 

183340 

Note— The  above  table  Is  that  of  the  U.  S.  0.  S.,  and  has  been  adopted  by  the  Water  Supply 
Commission    for    1912. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  NORTH  BR.    SUSQUEHAJ^NA 

RIVER  AT  DANVILLE,  MONTOUR  COUNTY. 

(Drainage  Area  ll,t55  Square  Miles.)  * 


January,    . 

February t 
March,    . . . 

April 

May 

Jane,    

July 

August,    . . 
September, 
October,     . 
November, 
December, 


MONTH. 


1912. 


The    year, 


Discharge  in  Second-feet. 


Maximum. 


66300 

12900 

ISiJCOO 

57500 

11000 

2430 

5490 

73700 

80600 

46900 

50G0O 


Minimum. 


7140 
18800 
6880 
2400 
1600 
IGOO 
8560 
53S0 
9370 
10800 


Run-off. 


Mean. 


7800 

loeoo 

88500 

58600 

21200 

6150 

2000 

3120 

15400 

U600 

16200 

19600 


17100 


Sf^cond-feet 

per  square 

mile. 


0.6S8 
0.960 
8.421 
4.762 
1.884 
0.458 
0.186 
0.277 
1.868 
1.081 
1.4S9 
1.741 


1.518 


Deptli    In 
inches. 


a. 

X. 
S.944 
5. SIS 

2.172 
0.611 
0.213 
0.S19 
1.S27 
I.ISS 
1.S06 
2.007 


Note.— River    frozen    Jan.    6-Feb.    'J6    Inclusive,    and    daily    discharges    estimated    from    N. 
Susquehanna  River  at  Wilkes-Barre. 


Br. 


WEST  BRANCH  OF  SUSQUEHANNA  RIVER. 


DESCRIPTION  OF  BASIN. 

The  West  Branch  of  the  Susquehanna  river,  which  joins  the  North 
Branch  at  Northumberland,  to  form  the  main  Susquehanna  river, 
drains  a  total  area  of  approximately  6,980  square  miles,  lying  en- 
tirely within  the  state.  This  branch  rises  in  the  west  central  part 
of  the  state,  in  the  northwestern  corner  of  Cambria  county,  and 
flows  northward  a  short  distance  and  then  turning  in  a  general 
northeasterly  direction,  continues  to  below  Eenovo,  Clinton  county, 
where  it  takes  an  easterly  course  to  the  mouth  of  Loyalsock  creek, 
and  thence  turns  southward  to  its  junction  with  the  North  Branch 
at  Northumberland.  The  total  length  of  this  stream,  from  its  head- 
waters to  its  mouth  is  about  226  miles.  The  West  Branch  of  the 
Susquehanna  river  is  unique  among  Pennsylvania  rivers,  in  that 
it  has  numerous  large  tributaries,  several  of  which  have  basins  of 
1,000  square  miles  and  over,  all  of  which  join  the  river  above  Wil- 
liamsport,  which  is  41  miles  above  the  mouth. 

The  headwaters  in  Cambria  and  Clearfield  counties  lie  in  a  rich, 
bituminous  coal  mining  area,  the  country  being  thickly  settled  and 
dotted  with  boroughs  and  villages.  Some  farming  is  carried  on  in 
this  area,  and  the  mountains  are  partly  covered  with  second  growth 
timber.    From  Clearfield  to  Lock  Haven  the  basin  is  sparsely  settled, 
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little  farming  being  carried  on,  and  the  countiy  in  general  is  rough 
and  rugged,  the  hills  being  well  covered  with  second  growth  timber. 
From  Lock  Haven  to  the  mouth  the  drainage  basin  is  well  settled 
along  the  main  stream,  and  most  of  the  tributaries.  Considerable 
farming  is  carried  on  in  the  valleys,  but  the  mountains  are  rugged 
and  covered  with  second  growth. 

The  entire  drainage  basin  is  mountainous  and  rugged,  and  the 
liver  from  its  headwaters  follows  a  winding  course,  through  a  narrow 
channel,  hemmed  in  by  the  hills  and  mountains,  parallel  to  and  west 
of  the  Backbone  Ridge  of  the  Allegheny  Mountains,  cutting  through 
the  mountains  as  it  turns  southwaid  at  Halls.  The  slope  of  the 
headwaters  is  steep,  the  livei-  often  falling  at  the  rate  of  eight  feet 
i>er  mile,  to  Keating,  but  fiom  this  point  the  slope  becomes  less  steep, 
falling  to  the  mouth  at  an  aveiage  rate  of  two  and  one-half  feet  per 
mile.  Only  a  small  section  of  the  northeastern  corner  of  this  basin 
lies  within  the  glacial  area.  E}xtensive  limestone  areas  underlie 
some  of  the  tributaries  which  lie  to  the  south  of  the  main  stream,  and 
in  the  Allegheny  Mountains. 

The  principal  tributaiies  are  Clearfield,  Moshannon,  Sinnemahon- 
ing,  Kettle,  Bald  Eagle,  Pine,  Lycoming  and  Loyalsock  creeks. 

The  principal  towns  in  the  basin  are  Williamsport  and  Lock  Haven 
cities,  and  many  large  boroughs  and  farming  and  mining  villages. 

Many  domestic  water  supplies  are  obtained  from  the  tributaries 
of  the  stream,  but  only  a  few  from  the  parent  stream. 

The  northern  portion  of  the  basin  is  subject  to  a  mean  annual  pre- 
cipitation of  35  to  40  inches,  and  the  southern  part  from  40  to  45 
inches. 

The  discharge  is  measured  at  Renovo  and  Williamsport,  the  sta- 
tions having  been  established  October  1,  1905,  and  March  1,  1895, 
respectively. 


SUSQUEHANNA  BASIN— STATION  NO.   8. 


WEST  BRANCH  OF  SUSQUEHANNA  RIVER  AT  RENOVO. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Weather  Bureau 
on  September  1st,  1905,  and  is  located  on  the  Eighth  Street  Bridge, 
Renovo. 

The  channel  is  straight  for  100  feet  above  and  3,000  feet  below  the 
station.  Both  banks  are  high  and  not  subject  to  overflow.  The  bed 
is  rocky  and  permanent. 
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Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge  and  by  wading  at  a  section  2,000  feet  above  the  bridge, 
at  the  foot  of  Third  Street.  The  initial  point  for  soundings  is  the 
end  of  hand-rail  left  downstream  side.  A  standard  chain  gage  is 
fastened  to  the  upstream  handrail  near  the  north  pier,  the  length 
of  chain  from  the  bottom  of  weight  to  the  marker  being  41.06  feet. 
The  elevation  of  zero  is  637.4  feet  above  mean  sea  level.  Bench  Mark 
No.  1  is  southwest  corner  of  north  abutment  of  bridge,  chiselled  in 
stone  face  ten  feet  above  low  water  mark,  established  from  P.  R.  R. 
gage  on  north  pier;  elevation,  647.4  feet  above  mean  sea  level  or  10 
feet  above  zero  of  gage.  Bench  Mark  No.  2  is  a  one  inch  offset  in 
the  upstream  corner  of  the  north  concrete  abutment,  one  foot  above 
the  bottom,  with  the  corner  above  the  projection  chiselled  out ;  eleva- 
tion, 645.44  feet  above  mean  sea  level  or  8.04  feet  above  zero  of  gage. 
Bench  Mark  No.  3  is  a  chiselled  rod  seat  on  a  projection  in  the 
eleventh  course  down  from  the  bridge  seat  on  the  southwest  end  of 
the  stonework  of  the  north  abutment,  six  inches  below  a  chiselled 
arrow  head;  elevation,  648.17  feet  above  mean  sea  level,  or  10.77  feet 
above  zero  of  gage. 

The  gage  is  read  once  daily  by  H.  L.  Baird. 

Gage  heights  were  read  on  the  P.  R.  R.  gage,  which  was  painted 
on  the  upstream  side  of  the  north  pier,  by  voluntary  observers,  from 
July  1st,  1895,  to  December  31st,  1903.  These  gage  heights  are  not 
considered  reliable  and  have,  theiefore,  not  been  published.  From 
January  1st,  1904,  to  September  1st,  1905,  no  readings  were  taken 
at  this  station.  From  this  latter  date  the  readings  were  taken  by 
the  U.  S.  Weather  Bureau  observer,  but,  on  account  of  the  unre- 
liability of  the  gage  heights,  to  January  1st,  1908,  due  to  an  error 
in  chain  length,  no  data  is  published  prior  to  1908.  Since  September, 
1908,  the  Water  Supply  Commission  has  obtained  20  discharge  meas- 
urements, from  which  a  satisfactory'  rating  table  has  been  derived. 

The  following  gage  heights  have  been  furnished  by  the  U.  S. 
Weather  Bureau.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS   OF   WEST  BR.    SUSQUEHANNA   RIVER 

AT  RBNOVO,  CLINTON  COUNTY,   PA. 

(Drainage  Area  2^990  Square  Miles.) 
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ESTIMATED   MONTHLY    DISCHARGE    OF   WEST   BR.    SUSQUEHANNA 

RIVER  AT  RENOVO,   CLINTON  COUNTY. 

(Drainage  Area  2.990  Square  MUe».) 


MONTH. 


January,    . 
Febmaiy, 
March,     . . . 

is?!- .:::: 

June,     — 

JnlJ 

Aajpast, 
September, 
October,    . . 
November, 
December, 


1912. 


The    year. 


Discbarge  in  Second-feet. 


Maximum. 


Minimum. 


Mean. 


45200 

50000 

65600 

84600 

2S90 

508O 

8/00 

28400 

12100 

6S40 

8400 


2850 

8520 

2560 

652 

984 

994 

1580 

1830 

2070 

1250 


8400 
8850 
15800 
18900 
9880 
1140 
1860 
1750 
5410 
4400 
4680 
4070 


5790 


Bun -off. 


Second-feet 

per  square 

mile. 


1.187 
1.288 
6.U7 
4.649 
8.«04 
0.881 
0.622 
0.685 
1.800 
1.472 
1.515 
1.861 


1.987 


Depth  in 
inches. 


1.8U 
1.889 
5.890 
5.187 
8.800 
0.425 
0.717 
0.674 
2.018 
1.897 
1.660 
1.560 

26.886 


Note.— Discharge  Jan.   6- Feb.   26,   and  Dec.   28-80  inc.,   estimated  from  cllmatological  records. 


BALD  EAGLE  CREEK. 


DESCRIPTION  OF  BASIN. 

Bald  Eagle  creek,  a  large  tributary  of  the  West  Branch  of  the 
Susquehanna  river  in  Centre  and  Clinton  counties,  drains  an  area 
of  approximately  780  square  miles.  Kising  on  the  southern  boundary 
in  the  western  part  of  Centre  county,  it  flows  northeasterly  through 
an  agricultural  valley,  the  adjacent  hills  being  covered  with  second 
growth  timber.  The  valley  gradually  widens  to  a  considerable 
breadth  as  the  stream  enters  Clinton  county,  continuing  to  its  mouth 
at  Lock  Haven,  the  total  length  being  about  50  miles,  and  the  water- 
shed oval  in  shape.  The  valleys  in  this  basin  are  extensively  farmed 
and  contain  numerous  boroughs  and  villages,  while  the  bordering 
ridges  are  nearly  all  covered  with  heavy  second  growth  timber.  This 
creek  rises  at  an  elevation  of  approximately  1,110  feet  and,  in  a  dis- 
tance of  about  23  miles  to  Milesburg,  falls  at  the  rate  of  18  feet 
per  mile;  from  this  point  to  the  mouth  the  fall  is  approximately  five 
feet  per  mile.  The  principal  tributaries  are  Fishing,  Beech  and 
Spring  creeks.  Spring  and  Fishing  creeks  enter  from  the  south^ 
draining  a  limestone  section,  and  their  well  maintained  dry  weather 
flow  aids  largely  in  making  the  discharge  of  Bald  Eagle  creek,  in 
such  seasons,  a  most  important  affluent  of  the  West  Branch.  Many  of 
the  smaller  tributaries  are  used  for  domestic  water  supply,  nearly 
all  the  boroughs  and  larger  villages  being  so  equipped. 
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The  mean  annual  precipitation  over  the  greater  portion  of  the 
watershed  is  from  40  to  45  inches. 

The  Water  Supply  Commission  of  Pennsylvania  maintains  three 
gaging  stations  in  this  basin;  at  Beech  Creek  station;  at  Milesburg; 
and  on  Spring  creek  near  Bellefonte.  A  gaging  station  at  Castanea, 
one  mile  above  the  mouth,  was  formerly  operated  by  this  Commis- 
sion, but,  on  account  of  being  influenced  b}'  backwater  from  the 
West  Branch  of  the  Susquehanna  river  during  medium  and  high 
stages,  was  discontinued. 


SUSQUEHANNA  BASIN— STATION  NO.   9 


BALD  EAGLE  CREEK  AT  MILESBURG. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  February  6th,  1911,  at  the  Pennsylvania  Bailroad 
Bridge  No.  53,  over  Bald  Eagle  cieek,  at  Milesburg,  300  yards  above 
the  mouth  of  Spring  creek. 

The  channel  above  the  station  is  almost  straight  for  300  feet,  while 
below  the  station  there  is  a  slight  bend  toward  the  northwest  for 
about  500  feet.  The  right  bank  is  high,  steep,  and  rocky;  the  left 
bank  is  low,  but  the  railroad  embankment  prevents  flood  water  going 
around  the  bridge.  The  flood  channel  under  the  bridge  is  115.5  feet 
wide,  abutment  to  abutment.  The  bed  of  the  creek  consists  of  gravel 
and  stones  and  is  fairly  permanent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  railroad  bridge;  the  initial  point  for  soundings  being  the  face 
of  the  left  abutment  under  downstream  guard-rail  along  the  tracks. 

A  ten  foot  staff  gage  is  attached  to  the  downstream  side  of  the 
pier,  facing  to  the  left.  The  elevation  of  zero  is  arbitrary  datum. 
Bench  Mark  No.  1  is  cross  **X"  on  top  of  fourth  step  from  top  of 
left  downstream  wing- wall,  1.7  feet  in  from  end  of  step,  elevation, 
6.655  feet  above  gage  datum.  The  gage  is  read  twice  daily  by  P.  H. 
Haupt. 

Since  the  establishment  of  this  station  nine  discharge  measure- 
ments have  been  made.  The  data  prior  to  1912  will  be  found  in  the 
1910-11  report  of  the  Water  Supply  Commission. 
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DISCHARGE    MEASUREMENTS    OF   BALD    EAGLE    CREEK   AT   MILES- 
BURG,  CENTRE  COUNTY,  PA. 

(Drainage  Area  lio  Square  Miles,) 
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DISCHARGE  TABLE  FOR  BALD  EAGLE  CREEK  AT  MILESBURG,  CEN- 
TRE COUNTY,  FROM  FEB.  6,  1911. 
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estimated  monthly  discharge  of  bald  eagle  greek,  at 

milj:sburg,  centre  county,  pa. 

f Drainage  area  1^0  square  miles.) 


MONTH. 


1912. 


January .    . 
February, 
March,    . . . 
April 

Majf     

June.     — 

July 

AuffUPt.     . . 
Seiitomber, 
October,     . 
November, 
December, 


The  year, 


Discharge  in  Second-feet. 


Maximum. 

Minimum. 

Mean. 

124 

142 

5700 

871 

2430 

in 

487 

8730 

64 

888 

113 
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57 
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22 
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1460 
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102 

498 

13 

71 

17S0 

88 

138 

89S 

43 

110 

ao6 

Run-off. 


Second-feet 

per  square 

Depth  In 

mile. 

Inches. 

0.88S 

1.082 

1.014 

1.063 

6.221 

7.172 

3.479 

3.882 

2.771 

8.196 

0.171 

0.191 

0.067 

0.066 

0.043 

O.06O 

0.729 

0.8U 

0.507 

0.684 

0.986 

1.100 

0.786 

0.906 

1,471 

20.074 

Jan.  5  to  March  14,   inclusive,   creek  frozen;  discharge  estimated  from  cllmatological  records. 


SPRING  CREEK. 


DESCRIPTION  OF  BASIN. 

Spring  creek,  an  important  tributary  of  Bald  Eagle  creek,  drains 
an  area  of  approximately  145  square  miles,  rising  in  the  south  cen- 
tral part  of  Centre  county  and  flowing  in  a  general  northerly  direc- 
tion through  a  rich  and  thickly  inhabited  farming  section,  to  its 
mouth  at  Milesburg^  a  distance  of  about  20  miles,  the  basin  being 
approximately  pear  shaped.  Its  course  is  winding,  the  slope  being 
rapid  at  the  headwaters  and  gradually  decreasing  as  the  mouth  is 
reached.  There  are  many  small  tributaries  rising  in  the  well  tim- 
bered mountains,  but  throughout  a  stretch  of  ten  miles  of  this  stream, 
from  above  Stafe  College  to  Bellefonte,  no  surface  tributaries  enter 
it.  Throughout  this  section  the  valley  and  surrounding  hills  are 
underlain  with  limestone,  sink  holes  being  much  in  evidence,  and  the 
drainage  of  this  part  of  the  watershed  appears  in  numerous  lime- 
stone springs  close  to  the  creek  banks,  the  largest  of  which  is  Belle- 
fonte Spring  at  Bellefonte,  with  a  continuous  flow  of  approximately 
9,000,000  gallons  daily.  The  dry  weather  flow  of  this  creek  is  very 
large,  and  plays  an  important  part  in  maintaining  the  low  water 
flow  of  Bald  Eagle  creek.  In  this  watershed  lie  State  College,  Belle- 
fonte and  Centre  Hall  boroughs,  and  many  large  farming  viUageSy 
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nearly  all  of  which  towns  obtain  domestic  water  supply  from  the 
upper  tributaries  of  Spring  creek,  while  the  main  stream  is  used  at 
numerous  points  by  small  water  power  installations. 

The  watershed  lies  partly  in  an  area  35  to  40  inches  and  partly  in 
an  area  of  40  to  45  inches  mean  annual  precipitation. 

The  discharge  of  this  stream  has  been  measured  since  February 
7,  1911,  about  one  mile  below  Belief  on  te. 


SUSQUEHANNA  BASIN-STATION  NO.  10. 


SPRING  CREEK  AT  BELLEFONTE. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  February  7,  1911,  on  a  through  truss,  iron,  high- 
way bridge,  one  mile  below  Belief  on  te. 

The  channel  is  straight  for  300  feet  above  the  station,  but  there 
is  a  bend  to  the  left  80  feet  below.  The  bed  of  the  creek  is  of  gravel 
and  stone,  and  is  fairly  permanent.  Both  banks  are  flat  and  over- 
flow during  high  water. 

Discharge  measurements  are  taken  from  the  downstream  sidjB  of 
the  highway  bridge;  the  initial  point  for  soundings  being  the  face 
of  the  left  abutment  on  the  downstream  side  of  the  bridge,  under  the 
guard-rail. 

A  staff  gage  is  bolted  to  the  downstream  face  of  the  left  abutment 
of  the  highway  bridge.  The  elevation  of  zero  is  arbitrary  datum. 
Bench  Mark  No.  1  is  a  chiselled  mark  on  downstream  corner  of 
downstream  edge  of  left  abutment;  elevation,  7.56  feet  above  gage 
datum.    The  gage  is  read  twice  daily  by  J.  H.  Oliger. 

There  is  a  canal  about  300  feet  east  of  the  creek  proper,  which 
carries  a  very  small  part  of  the  flow  of  the  strearil,  most  of  which 
is  leakage  through  the  head  gates.  Discharge  measurements  made 
from  the  concrete  bridge  over  the  canal  indicate  that  the  mean  daily 
discharge  is  approximately  six  cubic  feet  per  second  during  the 
entire  year,  which  has,  therefore,  been  added  to  the  daily  discharge. 

Since  the  establishment  of  this  station  seven  discharge  measure- 
ments have  been  made  of  the  creek  proper  and  the  canal. 

The  data  prior  to  1912  will  be  found  in  the  1910-11  report  of  the 
Water  Supply  Commission. 


Gagiiig  Station  on  Sprins  Creek,  neat  Bellefonte. 
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DISCHARGE   MEASUREMENTS   OF   SPRING   CREEK   NEAR   BELLB- 

FONTE,  CENTRE  COUNTY,  PA. 

(Drainage  area  US  square  miles  J 
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DISCHARGE  TABLE  FOR  SPRING  CREEK,  NEAR  BELLEFONTB,   CEN- 
TRE COUNTY,  FROM  FEB.  7,  1911 
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ESTIMATED  HONTED^Y  DISCHARGE  OF  SPRING 

;,  CENTRE  COUNTY. 
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SU5QrZBA3fNA  BAi?IN— STATION  NO-  U 


BALD  EAGLE  CREEK  AT  BEECH  CREEK  STATIOK. 


DiiscRrPT:'  -N  or  tttation 

This  staoon  w«  e--^"' :i-Le<i  br  -ie  Water  S~;.;:!t  O^^^Lrtii-:! 
"f  Penncsrlrania  on  J -:>t  ii::^;:  i.  :'*^X  at  tie  tir«  «^<an-  p<f-T  trsiW- 
Ughwav  bri*l*e.  imss^iLi-rlT  iVj-^e  B-^i   Ct*«   r^a-J':!-   0:1   •i* 

I    Penn5TlTania  KaiI:oa>L 

I  Tlie  chanr.-^  L*  irraLzi:  f:?  i^->  f^t  A.VrTe  tie  *^^^',:l-  wf-i.  Be«i^ 
«rf*k  enterirz  at  rizi:  a'-zl-^  fr  .:r.  tie  v*«t  i:z."e*-LitriT  aV^^e  tfcc 

;  ^►ri<ige,  while  *ie  ^ir.-ei  t^rrl.T  'ie  *^^t:</i.  i*  «tri:zi:  f:r  <«»  feet 
The  direeti-::!  of  *±:e  -^.irr^r-'t  L*  *t.-iizit  t:-  l^r  the  l-over  «:-je  <.f  ti* 
^•^:42e.  Tbe  rl^t  '-A-i  i*  ^o:^  f-^t  av.-ie  -r  "^e-i  <rf  -ie  fr:**k-  wiZe 
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intc  Strtiiin  on  1{<||<I  Kitgit'  Creek,  nt  Beech  Creek  Station,  Clinton  Co. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  SPRING  CREEK  NEAR  BELLB- 

FONTB,  CENTRE  COUNTY. 

(Drainage  area    US  square  miles). 


MONTH. 


1912. 

January,     

f ebmary,    

Marcli,     

April,     

May 

June,      

July 

Aa^nst,     

September,     

October,     

November, 

December,     

Tbe    year,     . . . . 
e  Estimated. 


Discharge  in  Second-feet. 


Maximum. 


elTOO 

e4780 

686 

668 

2M 

210 
236 
276 
221 
S4t 
2536 


e4780 


Minimum. 


226 
194 
289 
810 
808 
219 
iX 
196 
194 
187 
187 
174 


174 


Mean. 


Run-off. 


260 
294 
608 
486 
481 
260 
215 
205 

no 

198 
283 
200 


296 


Second -feet 

per  square 

Depth  in 

mile. 

inches. 

1.796 

2.067 

2.028 

2.187 

4.159 

4.796 

8.007 

8.865 

2.$^2 

8.426 

1.721 

1.928 

1.488 

1.710 

1.414 

1.680 

1.448 

1.616 

1.886 

1.676 

1.607 

1.798 

1.879 

1.680 

2.082 


27.067 


SUSQUEHANNA  BASIN— STATION  NO.  11. 


BALD  EAGLE  CREEK  AT  BEECH  CREEK  STATION. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission 
of  Pennsylvania  on  June  23rd,  1910,  at  the  three  span,  pony-truss, 
highway  bridge,  immediately  above  Beech  Creek  station,  on  the 
Pennsylvania  Railroad. 

The  channel  is  straight  for  450  feet  above  the  station,  with  Beech 
creek  entering  at  right  angles  from  the  west  immediately  above  the 
bridge,  while  the  channel  below  the  station  is  straight  for  600  feet. 
The  direction  of  the  current  is  straight  under  the  lower  side  of  the 
bridge.  The  right  bank  is  35  feet  above  the  bed  of  the  creek,  while 
on  the  left  there  are  flats  8  to  10  feet  above  the  bed.  The  bed  of  the 
creek  is  of  rock,  gravel  and  mud. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge;  the  initial  point  for  soundings  being  the  end  of  the 
wooden  guard-rail  on  the  downstream  side  at  the  east  end  of  the 
bridge. 


8 
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A  standard  chain  gage  is  fastened  to  the  guard-rail  in  the  fifth 
panel  from  the  east  end  on  the  upstream  side  of  the  bridge.  The 
length  of  chain  from  the  bottom  of  the  weight  to  the  marker  is  35.37 
feet.  The  elevation  of  zero  is  arbitrary  datum.  Bench  Mark  No.  1 
is  chiselled  on  the  outer  downstream  corner  of  the  right  bridge  seat; 
elevation,  19.085  feet  above  zero  of  gage.  The  gage  is  read  twice  daily 
by  S.  C.  Mains,  Station  Agent. 

Since  the  establishment  of  this  station  six  discharge  measure- 
ments have  been  made.  Owing  to  the  insufficient  number  of  discharge 
measurements,  no  rating  curve  has  been  computed  for  this  station, 
and  only  the  discharge  measurements  and  daily  gage  heights  have 
been  published.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
report  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS   OF   BALD   EAGLE  CREEK,   AT   BEECH 

CREEK  STATION,  CLINTON  COUNTY,  PA. 

(Drainage  area  565  square  miles.) 


No. 


Date. 


1918 
March  28 
March  29 


Hydrographer. 


Batley, 
Batley, 
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Feet. 

Sq. 

per 

Feet. 

Sec. 

ft. 

sec. 

ft. 

249 

1475 

4.66 

6.60 

6719 

225 

ion6 

8.52 

4.86 

3713 

Remarks. 


Surface  measarement. 
Surface  measurement. 
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PINE  CREEK. 


DESCRIPTION  OF  BASIN. 

Pine  creek,  one  of  the  major  tributaries  of  the  West  Branch  of 
the  Susquehanna  river,  drains  an  area  of  approximately  975  square 
miles  in  Potter,  Tioga  and  Lycoming  counties.  Bising  in  the  north- 
eastern part  of  Potter  county,  on  the  divide  of  the  Allegheny,  Gene- 
see and  Susquehanna  river  basins,  it  flows  in  a  general  southeasterly 
directions  to  its  mouth  at  Jersey  Shore,  Lycoming  county,  a  distance 
of  approximately  75  miles. 

The  headwaters  are  steep  and  rapid,  flowing  through  narrow  val- 
leys to  Galeton,  Potter  county,  from  which  point  the  creek  continues 
in  a  broader  valley  and  with  less  fall,  passing  through  extensive 
marshy  areas  into  Tioga  county,  where  it  turns  southward  through 
a  deep,  narrow  valley,  with  considerable  fall,  walled  in  on  either  side 
by  high  table  land,  through  which  it  has  cut  a  channel  with  steep, 
precipitous  sides,  nearly  to  its  mouth,  where  the  valley  again 
broadens  out.  This  stream  has  many  tributaries,  the  most  import- 
ant being  West  Branch,  Marsh  run,  Babb  Creek  and  Little  Pine 
creek.  Practically  the  entire  watershed  is  well  covered  with  second 
growth  timber,  there  being  proportionately  little  cultivated  land. 
The  headwaters  of  Pine  creek  lie  within  the  glacial  area.  There  are 
numerous  small  villages  in  its  basin,  and  a  few  boroughs  of  con- 
siderable size,  some  of  which  obtain  their  water  supply  therefrom. 

The  upper  part  of  the  watershed  is  subject  to  a  mean  annual  pre- 
cipitation of  35  to  40  inches,  while  the  lower  part  lies  in  an  area  of 
from  40  to  45  inches. 

The  discharge  has  been  measured  since  July  15,  1908,  at  Water- 
ville,  13^  miles  above  the  mouth. 


SUSQUEHANNA  BASIN— STATION  NO.  12. 


PINE  CREEK  AT  WATERVILLE. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  July  15,  1908,  at  a  single  span,  through  truss,  high- 
way bridge,  three-quarters  of  a  mile  above  the  railroad  station  at 
Waterville. 
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The  channel  is  straight  for  1,000  feet  above  the  station  and  for 
500  feet  below;  there  is  a  riffle  1,000  feet  above  and  one  three  hun- 
dred feet  below  the  station.  The  right  bank  overflows  in  extreme 
stages,  such  as  the  floods  of  1805  and  1869,  while  the  left  bank  is 
high  and  does  not  overflow.  The  bed  of  the  creek  is  of  gravel  and  is 
permanent. 

Discharge  measuiements  are  taken  from  the  downstream  side  of 
the  bridge,  the  initial  point  for  soundings  being  the  right  end  of  the 
downstream  hand-rail. 

A  standaid  chain  gage  is  attached  to  the  downstream  hand-rail 
of  the  bridge.  The  length  of  chain  from  the  bottom  of  the  weight 
to  the  marker  is  29.68  feet.  The  elevation  of  zero  is  arbitrary 
datum.  Bench  Mark  No.  1  is  a  projection  on  stone  2.7  feet  in  from 
face  of  right  abutment,  downstream  side  or  wing,  lowest  stone;  dog 
mark  on  stone,  elevation  7.088  feet  above  zero  of  gage.  Bench  Mark 
No.  2  is  a  projection  on  stone  8.8  feet  in  from  face  of  right  abutment, 
downstream  side,  fourth  stone  in  from  face  of  abutment,  fourth  stone 
up  from  ground.    The  gage  is  read  twice  daily  by  Howard  Harris. 

Since  the  establishment  of  this  station  30  discharge  measurements 
have  been  taken.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Keport  of  the  Water  Supply  Commission. 
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DISCHARGE   MEASUREMENTS   OF   PINE   CREEK,    AT    WATERVILLE, 

LYCOMING  COUNTY,  PA. 

(Drainage  area  750  square  miles.) 


Hydrographer. 
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1.36 
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2.66 


Sec. 
ft. 


723  ■  0.6  mamt.     Nearly   1  of 
creek  was  froxen  area. 


DISCHARGE  TABLE  FOR  PINE  CREEK,  AT  WATERVILLE,  LYCOMING 

COUNTY,  FROM  JULY  16TH,  1908. 
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ESTIMATED    MONTHLY    DISCHARGE   OF    PINE    CREEK,    AT   WATERr 

VILLE,    LYCOMING   COUNTY,   PA. 

(Drainage  area  750  square  miles.) 


MONTH. 


1912. 


JanuaiTf    

Febriiary,    ....... 

March,      

April,     

M*y 

June , 

July 

Augaat,     « . 

September,     . . . . 

October,     

November,     ... 
December 


The    year. 


Dlscbarge  in  Second-feet. 


Maximnm.     Minimum. 


Mean. 


10400 
14300  < 
6990 
610 
535  I 
400; 
1920 
U60 
2250; 
2560 


I 


985 

610 
96 
95 
130 
210 
302 
479 
458 


Rnn-off. 


68S 

706 
2797 
S840 
24301 
2691 
ISO' 
Z18 
611 
577 
927 
979 


Second-feet 

per  square 

mile. 


0.9U 
1.0» 
S.729 
S.120 
S.MO 
O.SSO 
O.aBB 

o.zn 

0.815 
0.760 
1.236 
1.306 


1190 


I 


1.687 


Depth  In 
Inches. 


l.QGO 

i.m 

4.2S9 

6.712 
3.735 
0.40L 
0.293 
0.33> 
0.910 
O.S87 
1.379 
1.501 

a.flM 


Note.— Discharge  Jan.   6  to  March  14,    inclusive,   estimated  from  climatological  records. 


LYCOMING  CREEK. 


DESCRIPTION  OF  BASIN. 

Lycoming  creek,  a  tributary  of  the  West  Branch  of  the  Susque- 
hanna river  in  the  central  part  of  Lycoming  county,  drains  an  ap- 
proximate area  of  275  square  miles.  Eising  in  the  southwestern 
corner  of  Bradford  county,  it  flows  in  a  general  southerly  direction 
through  Bradford,  Tioga  and  Lycoming  counties,  a  distance  of  34 
miles,  to  its  mouth,  a  short  distance  above  Williamsport.  The  upper 
portion  of  this  stream  and  its  tributaries  lie  within  the  glacial  area, 
in  a  sparsely  inhabited  region,  well  covered  with  second  growth  tim- 
ber, the  valleys  being  generally  narrow,  the  side  hills  high  and  steep 
and  the  fall  rapid.  Throughout  the  lower  section  the  valley  is  wide 
and  the  stream  has  a  flat  slope  through  an  agricultural  region. 
There  are  numerous  small  tributaries,  the  largest  being  Roaring 
Branch.  Only  a  few  villages  lie  along  this  stream,  the  larger  being 
near  the  mouth.  This  creek  and  its  tributaries  are  used  to  some  ex- 
tent for  power  purposes  by  grist  mills. 

The  mean  annual  precipitation  over  the  greater  portion  of  this 
watershed  is  from  40  to  45  inches. 

The  discharge  of  this  creek  has  been  measured  since  July  14,  1908, 
at  Bridge  No.  2  of  the  Northern  Central  Railroad,  three  miles  above 
the  mouth. 
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SUSQUEHANNA  BASIN— STATION  NO.  13. 


LYCOMING  CREEK  AT  BRIDGE  No.  2,  NEAR  WILLIAMSPORT. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  July  14th,  1908,  in  co-operation  with  the  Northern 
Central  Railroad  Company,  at  a  single  span,  steel,  through  truss, 
highway  bridge,  just  above  the  Northern  Central  Railroad  Bridge 
No.  2,  about  three  miles  from  Williamsport.  It  is  the  second  high- 
way bridge  above  the  mouth,  the  Northern  Central  Railroad  bridge 
crossing  the  creek  on  a  skew  about  200  feet  below  the  station. 

The  channel  is  straight  for  one-quarter  mile  above  the  station,  and 
is  straight  for  several  hundred  feet  below,  with  a  riffle  about  600  feet 
below.  Both  banks  are  high  and  only  overflow  during  extreme  high 
water.  The  bed  is  of  rocks,  gravel  and  clay,  and  is  fairly  permanent. 
The  current  is  sluggish  and  the  channel  deep.  A  fish  dam  300  feet 
downstream  was  partially  destroyed  in  the  fall  of  1908,  and  entirely 
destroyed  during  the  summer  of  1910. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge  during  high  stages,  and  by  wading  just  below  the  bridge 
during  low  stages  of  the  creek.  Initial  point  for  soundings  is  edge 
of  bridge  seat  on  downstream  side  of  left  abutment. 

A  standard  chain  gage  is  bolted  to  the  lower  chord  eyebar  on  the 
upstream  side  of  the  bridge.  The  length  of  chain  from  the  bottom  of 
weight  to  the  marker  is  19.41  feet.  The  elevation  of  zero  is  arbitrary 
datum.  Bench  Mark  No.  1  is  on  right  abutment,  upstream  face, 
furthest  upstream  point  on  top  of  projecting  course,  eighth  course 
down  from  bridge  seat,  elevation,  8.184  feet  above  gage  datum.  Bench 
Mark  No.  2  is  on  left  abutment,  upstream  corner  of  second  course 
from  bottom,  course  being  only  three  inches  thick;  elevation,  5.872 
feet  above  gage  datum.  The  gage  is  read  twice  daily  by  the  track- 
walker of  the  Northern  Central  Railroad  Company. 

On  account  of  the  change  in  channel  conditions,  due  to  the  fish 
dam  which  existed  below  the  station,  two  rating  curves  have  been 
computed. 

Since  the  establishment  of  this  station  26  discharge  measurements 
have  been  made.  Data  prior  to  1912  will  be  found  in  the  1910-11  Re- 
port of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  LYCOMING  CREEK,  AT  BRIDGE  NO 
2,  NEAR  WILLIAMSPORT,  LYCOMING  COUNTY,  PA. 

(Drainage  area  263  square  miles,) 


• 

a 

s 

• 

. 

No. 

Date. 

Hydrography:. 

• 

S 

1 

■4^ 

ReonArks. 

1 

1 

9 

n 

Ft. 

Feet. 

Sq.  ft. 

per 

Feet. 

Sec.  ft. 

1918. 

■ec. 

26 

Marcb  4. 

Boehriuger    &    Bat' 
lej. 

121 

583 

0.4« 

2.77 

0 

268 

0.6  measarement. 

DISCHARGE    TABLE    FOR    LYCOMING    CREEK,    AT    BRIDGE    NO.    2, 
LYCOMING  COUNTY  FROM  JULY  14th,  1908  TO  DEC.  3l8t,  1909. 


• 
■4^ 

■M 

• 

4J 

• 

XI 

, 

A 

X3 

, 

A 

.a 

OP 

1 

1 

1 

39 

§ 

1 
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1 

sx 

Si 

at 

J8 

1 

1 

1 

•g 

1 

1 

O 

^ 

o 

fi 

o 

Q 

O 

5 

C3 

o 

Feet. 

Sec. -ft. 

Feet. 

Sec.-ft.^ 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

8ec.-fL 

2.80 

% 

.80 

770 

.80 

2070 

.80 

8485 

.80 

4S0O 

.40 

16 

.90 

845 

.40 

2160 

.90 

3530 

.40 

4890 

.50 

25 

4.00 

925 

.50 

2250 

7.00 

8620 

.60 

4985 

.60 

40 

.10 

1006 

.60 

2340 

.10 

sno 

.60 

5075 

.70 

60 

.20 

1090 

.70 

2430 

.20 

8800 

.70 

S1C5 

.80 

90 

.30 

1175 

.80 

2525 

M 

3890 

.80 

S2S6 

.90 

130 

.40 

1260 

.90 

2620 

.40 

8980 

.90 

SS45 

8.00 

185 

.50 

1350 

6.00 

2710 

.50 

4075 

9.00 

5440 

.10 

860 

.60 

1440 

.10 

2S00 

.60 

4165 

.50 

5913 

.20 

820 

.70 

1580 

.20 

2890 

.70 

4256 

10.00 

6390 

.30 

890 

.80 

1620 

.30 

2980 

.80 

4850 

.10 

6483 

.40 

460 

.90 

1710 

.40 

8070 

.90 

4440 

.60 

585 

5.00 

1800 

.50 

8160 

8.00 

4580 

.60 

610 

.10 

1890 

.60 

3250 

.10 

4620 

.70 

690 

.20 

1980 

.70 

8340 

.20 

4710 

DISCHARGE  TABLE  FOR  ITCOMING  CREEK,  AT  BRIDGE  NO.  2.  LYCOM- 
ING COUNTY,  FROM  JAN.  1ST.,  1910. 
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4i 
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ja 
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ja 

1 

1 
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^ 
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60 

2.60 

86 

2.80 

125 

8.00 

70 

.70 

100 

.90 

160 

.10 

200 

260 


NOTE.— This  rating  table  In  only  applicable  for  low  water  subsequent  to  1909. 
table  used   al)ove  8.1   feet. 


Regular  rating 
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ESTIMATED     MONTHLY     DISCHARGE     OF     LYCOMING     CREEK,     AT 
BRIDGE  NO.  2.  NEAR  WILLIAMSPORT,  LYCOMING  COUNTY,  PA. 

(Drainage  area  t68  square  mUetJ 


MONTH. 


Janaary,    . . , 
Febniaxy,    . 

March 

April,    

May 

Jane,    

July 

Angnat 

September, 
October,     . . 
November,  - 
December, 


1912. 


The  year. 


Diacbarge  In  Second-feet. 


Maximum. 

Minimnm. 

Mean. 

2S9 

277 

4820 

1406 

86G0 

820 

1600 

1710 

85 

786 

85 

46 

60 

78 

42 

51 

2070 

42 

206 

8440 

60 

348 

86 
85 

'                  274 

8530 

845 

1440 

100 

429 

,,  1 

502 

Run-off. 


Second-feet 

per  sqaare 

mile. 


0.892 
1.084 
6.257 
5.970 
2.988 
0.224 
0.190 
0.765 
1.298 
1.022 
1.287 
1.601 

1.873 


SUSQUEHANNA  BASIN— STATION  NO.  14. 


Depth  in 
indiea. 


1.028 
1.115 
6.061 
6.661 
3.381 
0.250 
0.319 
0.882 
1.448 
1.178 
1.436 
1.846 

25.505 


Note.— Discbarge  January  1  to  March  14,   inc.,  estimated  from  run-off  of  Pine  creek. 


WEST  BRANCH  OF  SUSQUEHANNA  RIVER  AT  WILLIAMS- 
PORT. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Weather  Bu- 
reau on  March  1st,  1895,  at  the  Market  Street  Bridge,  Williams- 
port. 

The  channel  is  about  1,000  feet  wide  at  the  station,  broken  by  four 
piers.  It  is  straight  for  one-half  mile  above,  to  a  low  wooden  dam, 
while  below  it  is  straight  for  several  hundred  feet.  Both  banks  are 
high  and  rocky  and  do  not  overflow.  There  is  a  fair  velocity,  except 
at  low  stages,  when  wading  measurements  are  made  just  below  the 
dam  above  the  bridge.  The  bed  is  of  rock  and  gravel,  and  fairly 
permanent. 

Discharge  measurements  are  taken  from  the  upstream  side  of  the 
bridge,  the  initial  point  for  soundings  being  the  face  of  the  left  abut- 
ment. 

A  standard  chain  gage  is  fastened  to  the  upstream  hand-rail  in 
the  first  span  from  the  left  end.  Length  of  chain  from  bottom  of 
weight  to  the  marker  is  40.22  feet.     The  elevation  of  zero  is  arbi- 
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trary  datum.  Bench  Mark  No.  1  is  cut  in  face  of  left  abutment, 
elevation  10  feet  above  gage  datum.  The  gage  is  read  once  daily 
by  H.  H.  Guise,  Clerk  in  the  City  Engineer's  office. 

Since  the  establishment  of  this  station  30  discharge  measurements 
have  been  made.  The  following  gage  heights  have  been  furnished  by 
the  U.  S.  Weather  Bureau.-  The  data  prior  to  1912  will  be  found  in 
the  1910-11  Report  "of  the  Water  Supply  Commission. 


DISCHARGE    MEASUREMENTS    OF    WEST    BRANCH    SUSQUEHANNA 
RIVER,  AT  WILrJAMSPORT,  LYCOMING  COUNTY,  PA. 

(Drainage  area  5,630  square  miles.) 


1 

• 

• 

a 

! 

No. 

Date. 
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30 

March  6. 

Boebrlnger  &  Bat' 
ley. 

877 

514S 

l.M 

3.81 

7906 

0.6  iDeasoreroent. 

DISCHARGE  TABLE  FOR  WEST  BRANCH   SUSQUEHANNA  RIVER  AT 
WILLIAMSPORT,   LYCOMING  COUNTY,   FROM  JANUARY   1ST,    1912. 
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Q 

Feet. 

8ec.-ft. 

Feet. 
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Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Sec. -ft. 

0.00 

250 

.50 

8090 

7.00 

22900 

.50 

42220 

14.00 

69100 

.10 

870 

.60 

8400 

.10 

28400 

.60 

42840 

.10 

70000 

.20 

496 

.70 

8710 

.20 

28900 

.70 

43480 

.20 

70900 

.10 

680 

.80 

9030 

.80 

24400 

.80 

44120 

.80 

71800 

.40 

776 

.90 

9360 

.40 

24900 

.90 

44760 

.40 

72700 

.60 

980 

4.00 

9690 

.60 

26400 

11.00 

45400 

.50 

73650 

.60 

1000 

.10 

lOMO 
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25920 
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46060 
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74600 
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46700 
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76660 
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1440 
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26960 
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47850 
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76500 

.90 

1630 

.40 

11160 

.90 

27480 

.40 

48060 

.90 

77450 

1.00 

1820 

.60 

11&40 

8.00 

28000 

.50 

48750 

15.00 

78400 

.10 

2010 

.60 

11940 

.10 

28340 

.60 

49450 

.10 

79400 

.10 

ISO 

.70 

12840 

.20 

29080 

.70 

501dO 

.20 

80400 

M 

2410 

.80 

12760 

.80 

29620 

.80 

50900 

.80 

81400 

.40 

2620 

.90 

18170 

.40 

80160 

.90 

61660 

.40 

82400 

.60 

2880 

6.00 

18600 

.50 

30700 

12.00 

62400 

.50 

88400 

.60 

8060 

.10 

14080 

.60 

81240 

.10 

68150 

.60 

84400 

.70 

8270 

.20 

14470 

.70 

81780 

.20 

53900 

.70 

85400 

.80 

8600 

.80 

14910 

.80 

32340 

.80 

54650 

.80 

86400 

.90 

8740 

.40 

15^0 

.90 

32900 

.40 

66450 

.90 

87400 

2.00 

8880 

.60 

1580O 

9.00 

33460 

.50 

56250 

16.00 

88400 

.10 

4220 

.00 

16250 

.10 

34020 

.60 

67060 

.50 

98500 

.20 

4470 

.70 

16700 

.20 

84580 

.70 

67850 

17.00 

96600 

.80 

4720 

.80 

17150 

.80 

85140 

.80 

68650 

.50 

103800 

.40 

4970 

.90 

17600 

.40 

35700 

.90 

69450 

18.00 

109000 

.60 

6280 

6.00 

18060 

.50 

36260 

13.00 

60300 

.50 

114800 

.60 

6490 

.10 

18S20 

.60 

86840 

.10 

61160 

19.00 

119600 

.70 

6760 

.20 

18980 

.70 

1    87420 

.20 

62000 

.50 

124900 

.80 

6020 

.80 

19460 

.80 

1    38000 

.80 

62850 

20.00 

180200 

.80 

6»0 

.40 

19940 

.90 

88580 

.40 

63700 

.60 

186600 

S.OO 

6680 

Mi 

20420 

10.00 

39180 

.50 

64600 

21.00 

141000 

.10 

6870 

.60 

20000 

.10 

39780 

.60 

65600 

.» 

7170 

.70 

21400 

.20 

40380 

.70 

66400 

.80 

7470 

.80 

21900 

.80 

40980 

.80 

67300 

.40 

7180 

.90 

22400 

.40 

41600 

.90 

68200 

126 


1^ 
o 
o 

o 

> 
PJ 

P 


n 


H 


pj 


i 


;z; 

CO 

O 

o 
;z; 

< 


O 
S5 


o 


GQ 


p 


<1 


9 

a 


S5 


9. 


i5 
Q 


m 

Q 


03 


s 
c 


S9 

Q 


ffl 


Q 


m 

C5 


n 


O 


P 


Seeoep 

m  o  US  o  tn  in  o  lA  e  in  to  o  to  o  lo  lo  o  us  o  lo  us  e  lo  e  lo  to  e  ifi  e  to  o 

(oeC'^>^u3  0'*fA(Se4  oo>t~«o'^  CQ-^iMLnco  '^laraMCl  M9i<HOAri 

c^ie^evieQM  ^<«<eoege9  Mc>*e^'c<)e«i  oiNfricica  NMcteiei  MMMMi-ic^ 

ggg^g  §i^8S  SSSS8  iSS^a  g^SSS  8S§SS  : 

oi-e»9"r(iQ  «og'*3o  >-itaoOM^i  wr-^^co  *»-it-»09  raf-**^'-'    • 

r-tioio^n  coMwooM  u3t-iA<->o  o 00 oo t- 1>  c> fr- to <8 13  teiataisto    • 

»H  v-l  rH  1-4        iH  r4 

tOOlOOiO  l.'SiQiSOiA  ioeia^US  iOGlAOvO  lOQlOdia  iaOUSQiO     • 

Ml^lOCvlA  060  A  (O  So  OQlSS^fH  coc^uacooi  ?-imoSfe-  oec>«D<D<«<    • 

^ricifrir-4  r-4C4e4eo<«<  io-^^^^  MeoMMCQ  Meoeoe>4e4  e4oie<4»iev«    • 

r^  r^  rH  r^  rH  m  i-^  iH 

eOOOoSoO  lOMSSt^  OOt^rlCOM  nS^C^S  SSu3C«S  SoSnSS 

tfll2'4<eQe<l  Me^CJCMi-l  tHtHMMCM  e>J  C>)  tH  «-<  *-«  «-lrH«-<r4e4  e4>AiAco-<*v 

pooeo  fiSPop  eepeo  oopoo  P^SQS  fifiSSfi    * 

fji5'«"Op  QOQCsS  t-t-S^«>  tr^-^t~^  ^'•"OiTSQ  oopoO    ■ 

OOOt-QCA  lAGOCee  ^aQOC40>  A^t~^t~  t~t-l4t*^  iOAOA^     • 

iHcqeoea^j  o>ooo>M>  t<-w<eu3^  ^^  "ri* '<••  "v*  eo  cQcommtd  Sp^'^ru?    • 

8oeop  opoep  poopo  peopo  pppop  epopo   • 

VAGco  eomf-4QoiA  mt-ioeiA^^  ^egooc^A  AOkoot-S  eo«o>Hm^    • 

•-«i-J— I^t-*  «e^'*«eo  meoNOiM  C4c^c4e>4r4  f-««-i<HeiiA  <D«DU3i0ta    • 

ptAinpo  i^pope  pGppp  opooo  ^podp  oepooo 

pt^i^weo  Aeoc5M.H  peoooriA  'SprHrHrH  f-i?iN05?J  r^^w^^f 

eeooo  eeoop  opppp  poopp  ppppp  P^popo 

<Of-<-eoco  c>ieoc>3CQM  ociAo^o  dftt^f-iccm  c^SSaS  SSi-iS^ocac 

OOOOO  ©©>^0»^  »H  «  CV|  rH  r-i  O  O  rH  rH  r-i  t-*  fH  t-l  ©  r^  fH  rH  rH  •-•  ©  © 

©©o©o  lAOi^top  oo©iAp  ^irtsPe  ©©e©©  ©©©©p^ 

j-i-i-i-r~  Am^iAin  trlr^t^S  AAmeoeo  «c«s»-i>-iw  i-«Vr'""'i* 

conneoe9  '^u^'^'^ci  eoeooi^w  '^-^(oaw  A;£>N'<rjg  frigej^s^-^^'* 

oooo©  epp©p  ©epo©  PP©P©  oppp©  ©oepp© 

rHr-ii-ir-4.-i  cieone>4©  T-it-iS'«'eo  ^NcciSeq  ir:*?««^  t^LSMOcDf- 

©©©©©  ©©©e©  ©eo©©  ©Ge©e  ©oi-4r^t-«  *Hi-<rH«-«eo 

us  to  la  lA  p    • 

O^  A  ©  A  IS     • 

^  <«•  «  v^    • 

• 

rnSAt^CO  9Sk>SS^  CC^r4i-l©  A<-<^^0»  OoS^ACO  MC^IC^I^i©     • 

MeOC'ie4fr4  t-«  r-«  r-i  t4  f-i  rH  r-4  r-i  rH  «-4  ©  rH  <-<  i-4  ©  ©©©©©  ©©©©©     * 

iSiii  S|S8i  88888  888S8  88888  SSSS^^ 

S9t-5<t~'5  ^"VVy-ir^  At>COlA<«<  C4tOtn,-«M  t*MC<Bf-<©  AO0S6t^t-3> 

^^t$|8!9  ^.^^a^^  ^^!^r^  ^.^^^^  ^?^8^.  8SS^^^ 

oot<-<oiota  iotAio«o(0  (Oto^tato  ■<<io©©t>-  tAia^<<<v  meoMcoeoM 

fOPPO  PPPPO  ©PPP9  ©9P©©  0©©©P  ©9©©©  • 

sSS  ©sit©  ^^^S^  SSS  sSS  «cc^^g©  ' 

riT-HCOlOA  T!;^l?9t-  fStokSeo^  <oS^'«M  wSSi-iSS  AAOOaS     • 

t>  lO  O  t^  M  eONNWCa  CJr-«i-ti-trH  rH  ?H  iH  iH  r-l  »-i  r-n^  rH  r-t     • 

©P©©©  ©P©©p  ©©PPP  ©PPPP  P©PPP  PP©©P     • 

CQA'Vr>rH  ri©ta'^00  TM|>>t2S©e<9  W^C)^©  ©OOIA^A  AAt—QCM     • 

^•Hh^^©  Aoot^oot^  r-*  to  MS  t'?' to  totAuaiAua  \&-^-^'^n  eocoMeo^'    * 

tH  »H  f-t  »-<  r^ 

§888|  8§|S8  |8888  §§8§8  8|§88  S§||§| 

baSSs  S§«SoS?  »g|g|  sjsSsI  SsaSa  SssSai 

$PP90  ©©©©p  PPP©©  3©©©©  ©p©©p  p©©©©p 

ACPAtOrH  OOrHOOr^A  A  A  ©  OO  tA  A '<«•  t~  *H  ^  eO  O  00 '«  O  C<1 '«  00  ^  00  O 

(Jc-«du»to  '^■^titin  ^'^lousiA  co©AAoo  oe©AAA  ooc-«0ooA«e 

88888  88888  88888  88888  88888  8888  :  : 

^  ^  ^  f  ^  »»• '^  •^  *  ^  *'»'""rTl'3'  'g'^'»"'«j<^  (dtoSwS  O^ccto    -    • 

W  CO  C4  60  CO  OQ  CO  00  eo  M  00  CO  00  CO  CO  COCOCOCOeO  '••^'^■'••'t'  ^  CO  lot* 

rH  fH  e^l     •     • 

*        • 

*9po    •     • 

•  ••••  ..•..  ••■••  .•••.           .•...  •  A  to  A     •     • 

•  ••••  .....  ...••           •^tAt»     •      • 

88888  88838  88888  88888  88888  888888 

lA  <0  d  A  *H  T-t  "H  rH  »H  ^i^  t-I  rH  ,-1  *H  r-«  r^  r-t  w^  j-i  r^  t-<  »^  »-t  «-<  i-4  r-f  iH  t-«  t-«  »H  »^ 

'<«■  CO  CO  T-i  ta  to  to  la  ifs  to  totoiototo  totoiototo  lotstotota  totoieiotoiO 
r-«»-liH  i-l 

SSa«o    •  !    !    •    !    I  I    .    !    !    I  I    .    .    I    I        !    .    !    .    I        

«•■■•  ••••«  •••••  •••••      ■■•••  ■•■■*« 

LD  lA  *^  ^V  *  ••■••  «••*■  ••■■•     ••••■  •••••• 

•  •  •  •  •  \  \  \  '.   '.  '.'.'.'.',  '.'■.'.'.'.      1^'.  \   '.  '.  '.'.'.'.'.'. 

r.-«co-^-to"  «.-t--oo'A©  ;52'«3'j2  s'^isssg  5iSi!3a«  ssassa 


u 


1 


u 
O 


as 

s 


d 


C 


C 
&4 


to 

e 


d 
© 

00 

B 

9 

s 
8 


127 

ESTIMATED    MONTHLY    DISCHARGE    OF    WEST    BRANCH    SUSQUE- 
HANNA RIVER,  AT  WILLIAMSPORT,  LYCOMING  COUNTY. 

(Drainage  area  5,680  square  miles.) 


MONTH. 


Diticharse  In  Second-feet. 


Maximum. 


January,    . 
February, 
March, 
April,     .... 

May 

June.     .... 

July 

Aocnut,    . . 
September, 
October.     . 
November, 
December, 


1912. 


Tbe   year. 


IISOOO 

106000 

43100 

6870 

SZ70 

5230 

22900 

19000 

15100 

11200 


Minimum. 


Mean. 


8710 

8710 

6870 

250 

250 

495 

1820 

28S0 

8620 

8S60 


6160 

6240 

27400 

25000 

17900 

2460 

1060 

1790 

9060 

6760 

7530 

5910 


9640 


Run-off. 


Second-feet 

per  square 

mile. 


1.065 

.923 

4.824 

4.401 

8.016 

.483 

.187 

.815 

1.599 

1.190 

1.326 

l.MO 


1.697 


LOYALSOCK   CREEK, 


Depth  in 
Inches. 


1.251 

.993 

5.561 

4.910 

8.512 

.483 

.216 

.863 

1.784 

1.872 

1.480 

1.190 

23.126 


Nute.— Jan.   5th   to  Feb,   26tb,    inol.,    diKcharge  efltimated   from   cUmatological   records. 


DESCRIPTION  OF  BASIN. 

Loyalsock  creek,  a  tributary  of  the  West  Branch  of  the  Susque- 
hanna river,  drains  an  area  of  approximately  495  square  miles  in 
Bradford,  Wyoming,  Sullivan  and  Lycoming  counties.  Rising  in 
many  swamps  in  the  western  part  of  Wyoming  county,  this  stream 
flows  southwesterly  through  a  wild,  rugged  and  sparsely  inhabited 
country,  except  on  the  plateaus,  where  some  farming  is  carried  on, 
through  Sullivan  county  into  Lycoming  county,  to  its  mouth  at  Mon- 
toursville,  a  total  distance  of  about  60  miles.  This  entire  stream,  ex- 
cept for  a  short  distance  above  its  mouth,  is  steep  and  rapid,  flowing 
through  narrow  valleys  with  sleep,  precipitous  sides,  with  fiequeiii 
low  falls  along  its  course.  All  but  a  small  section  of  this  basin 
near  the  mouth  lies  within  the  glacial  area,  and  many  of  the  nu- 
merous tributaries  rise  in  lakes  or  swamps,  the  most  important  tri- 
butary being  Little  Loyalsock  creek.  There  are  a  few  small  boroughs 
and  farming  villages  on  the  watershed,  but  the  stream  is  not  used 
for  water  supply  and  but  little  for  water  power. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  of  this  stream  has  been  measured  since  July  17, 
1908,  at  Forksville,  Sullivan  county. 
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SUSQUEHANNA  BASIN-STATION  NO.  16 


LOYALSOCK  CREEK  AT  FORKSVILLE. 


DESCRIPTION  OP  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  July  17,  1908,  at  a  single  span,  wooden  covered, 
highway  bridge,  Forksville,  Sullivan  county. 

The  channel  above  the  station  is  straight  for  300  feet,  while  below 
it  is  straight  for  200  feet.  The  right  bank  is  high  and»does  not  over- 
flow and  the  left  bank  overflows  only  during  extreme  high  stages. 
The  bed  is  of  rocks  and  gravel. 

Discharge  measurements  are  made  by  wading  either  above  or  be- 
low the  bridge. 

A  standard  chain  gage  is  attached  to  the  bridge.  The  length  of 
chain  from  bottom  of  weight  to  marker  is  21.88  feet.  The  elevation 
of  zero  is  arbitrary  datum.  Bench  Mark  No.  1  is  corner  stone  on 
left  abutment,  downstream  corner,  tenth  course  down  under  seat  of 
arch  haunch,  second  course  up  from  ground;  elevation,  4.13  feet 
above  zero  of  gage.  Bench  Mark  No.  2  is  corner  of  stone  on  left 
abutment,  up  stream  corner  seventh  course  down  from  seat  of 
arch  haunch,  seventh  course  up  from  bottom,  close  to  iron  hitching 
ring  for  boats  on  end  of  old  retaining  wall  log;  elevation  6.387  feet 
above  zero  of  gage.  The  gage  is  read  twice  daily  by  B.  W.  Paw- 
cett. 

A  dam  crosses  the  creek  about  100  feet  below  the  bridge,  but  does 
not  influence  tlie  gage  readings.  Little  Loyalsock  creek  enters  about 
800  feet  downstream. 

Since  the  establishment  of  this  station  three  discharge  measure- 
ments have  been  made.  No  discharge  measurements  have  been  made 
during  1912.  Owing  to  the  insufficient  number  of  discharge  measure- 
ments, no  rating  curve  has  been  computed,  and  only  the  daily  gage 
heights  have  been  published.  The  data  prior  to  1912  will  be  found  in 
the  1910-11  Report  of  the  Water  Supply  Commission. 
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RAYSTOWN  BRANCH  JUNIATA  RIVER, 


DESCRIPTION  OF  BASIN. 

With  the  Frankstown  Branch,  which  it  joins  six  miles  below  Hunt- 
ingdon, the  Raystown  Branch  forms  the  Juniata  river.  This  branch 
rises  on  the  eastern  slope  of  the  Allegheny  mountains  in  the  eastern 
part  of  Somerset  county,  and  passing  into  Bedford  county,  flows 
easterly  to  near  its  eastern  border,  where  it  turns  northward  follow- 
ing a  most  tortuous  course  into  Huntingdon  county  at  Saxton. 
Through  Huntingdon  county  it  follows  a  winding,  serpentine  course, 
in  a  general  northwest  direction,  to  its  mouth.  The  total  length  of 
the  stream  is  approximately  110  miles,  and  its  drainage  basin  com- 
prises 1,012  square  miles.  The  largest  tributaries  are  Trough,  Yel- 
low, Shavers,  Cove  and  Dunning  creeks.  In  the  western  part  of  Bed- 
ford county  the  stream  drains  a  limestone  region,  while  its  larger 
tributaries  drain  well  timbered,  sparsely  developed  areas.  The  tribu- 
taries coming  in  from  the  east  between  Hopewell  and  Saxton  drain 
the  Broad-top  mountain  soft  coal  district,  while  Great  Trough  creek 
drains  the  coal  district  at  Robertsdale  and  Woodvale. 

In  Bedford  county  the  strealn  and  its  tributaries  are  consider- 
ably used  for  domestic  and  industrial  water  supply.  At  Hawn's 
Bridge,  Huntingdon  county,  some  10  or  12  miles  above  the  mouth,  a 
28-foot  dam  has  been  built,  and  a  3,600  h.  p.  water  power  plant 
erected.  For  over  40  miles  above  its  mouth  there  is  no  railroad  in 
the  valley,  which  is  quite  an  exception  for  so  large  a  stream. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  August  31st,  1911,  at  Sax- 
ton, Bedford  county. 


SUSQUEHANNA  BASIN— STATION  NO.  16. 


RAYSTOWN  BRANCH  JUNIATA  RIVER  AT  SAXTON, 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  August  31st,  1911,  on  a  two  span,  steel,  through 
truss,  highway  bridge,  between  Stonestown  and  Saxton  Furnace,  to 
replace  the  station  at  Hawn's  Bridge,  which  was  discontinued  owing 
to  the  construction  of  a  dam  immediately  above  the  gage. 
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The  channel  is  approximately  straight  for  300  feet  above  the  sta- 
tion, and  is  straight  for  300  feet  below.  The  right  and  left  banks 
are  high  and  overflow  only  duiing  extreme  high  stages.  The  bed 
is  of  sand,  gravel  and  stones,  and  is  fairly  permanent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  the  initial  point  for  soundings  being  the  bridge  pin,  right 
downstream  side. 

A  chain  gage,  with  removable  weight  and  chain,  is  attached  to 
the  floor  on  the  downsti  earn  side  of  the  bridge.  The  length  of  chain 
from  bottom  of  weight  to  marker  is  23.00  feet.  The  elevation  of 
zero  is  arbitral y  datum.  Bench  Mark  No.  1  is  a  chiselled  mark  on 
stone  on  right  downstream  wingwall,  on  top  of  stone  twelfth  course 
down  from  top,  and  fifth  course  from  bottom;  elevation,  9.65  feet 
above  zero  of  gage.    The  gage  is  read  twice  daily  by  W.  C.  Jenkins. 

The  flow  under  the  bridge  at  low  water  is  very  sluggish,  with  no 
flow  or  water  in  the  left  channel. 

Since  the  establishment  of  this  station  seven  discharge  measure- 
ments have  been  made,  but  owing  to  the  insufficient  number  of  meas- 
urements, no  rating  table  has  been  computed  for  this  station,  and 
only  the  discharge  measuremets  and  gage  heights  have  been  pub- 
lished. The  data  prior  to  1912  will  be  found  in  the  1910-11  Report 
of  the  Water  Supply  Commission. 


DISCHARGE    MEASUREMENTS     OF     RAYSTOWN    BRANCH,     JUNIATA 

RIVER,  AT  SAXTON,  BEDFORD  COUNTY,  PA. 

(Drainage  area  790  square  miles.) 
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FRANKSTOWN  BRANCH  JUNIATA  RIVER, 


DESCRIPTION  OF  BASIN. 

The  Frankstown  Branch  of  the  Juniata  river  drains  approximately 
995  square  miles  in  Bedford,  Blair  and  Huntingdon  counties.  Eis- 
ing  in  the  northern  part  of  Bedford  county,  this  stream  flows  first 
in  a  general  northerly  direction  to  Hollidaysburg ;  thence  northeast- 
erly through  Blair  county  to  Petersburg,  Huntingdon  county,  where  it 
flows  southeasterly  to  its  junction  with  the  Raystown  Branch,  a  total 
distance  of  approximately  58  miles,  the  general  outline  of  the  basin 
being  fan  shaped.  The  headwaters  lie  high  up  on  the  Allegheny  Moun- 
tains, but  as  the  stream  descends  it  enters  a  fertile,  well  settled,  agri- 
cultural valley,  thiough  which  it  flows  to  Petersburg  and  thence 
through  a  deep  gorge,  cutting  through  a  succession  of  ridges  to  its  con- 
fluence, six  miles  below  Huntingdon,  with  the  Raystown  Branch.  The 
mountains  in  this  basin  are  well  covered  with  second  growth  timber, 
but  the  valleys  are  almost  deforested.  The  upper  section  of  the  basin 
contains  limestone  formation,  from  which  issues  numerous  large 
springs,  which  materially  assists  the  flow  in  dry  weather.  As 
a  whole  the  watershed  is  thickly  settled,  especially  along  the  banks  of 
the  river,  and  its  principal  tributaries,  of  which  Little  Juniata  is  the 
most  important,  theie  being  one  city,  Altoona,  and  many  large  in- 
dustrial boroughs  and  villages  scattered  over  the  area.  The  river 
and  its  tributaries  aie  extensively  used  for  water  supply,  both  domes- 
tic and  industrial. 

The  souice  of  the  Frankstown  Branch  lies  at  an  elevation  of  ap- 
proximately 1,800  feet,  and  in  a  distance  of  26  miles,  to  Hollidays- 
burg, (elevation  980)  the  How  is  at  the  rate  of  20  feet  per  mile; 
fiom  this  point  to  Huntingdon  (elevation  610)  28  miles  further 
downstream,  the  rate  of  fall  is  12  feet  pei*  mile.  The  bed  is  rocky 
throughout  most  of  its  course,  with  gravel  and  sand  deposits  at 
intervals  in  the  less  rapid  portions. 

A  concrete  dam  28  feet  in  height,  erected  and  used  for  the  genera- 
tion of  water  power,  crosses  the  river  at  Warrior  Ridge,  five  miles 
above  Huntingdon,  creating  slack  water  for  about  three  miles. 

The  mean  annual  precipitation  over  practically  the  entire  water- 
shed is  from  40  to  45  inches. 

Discharge  has  been  measured  since  May  1,  1895,  at  Huntingdon, 
six  miles  above  the  confluence  with  the  Raystown  Branch. 
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SUSQUEHANNA  BASIN— STATION  NO.  17. 


FRANKSTOWN  BRANCH  JUNIATA  RIVER  AT  HUNTINGDON- 


DESCRIPTION  OF  STATION. 

This  station  was  established  bv  the  United  States  Weather  Bu- 
reau  on  May  1,  1895,  on  the  county  highway  bridge  at  the  foot  of 
Fourth  street,  Huntingdon.  On  November  1st,  1890,  the  Weather 
Bureau  began  readings  on  a  gage  painted  on  the  Fourth  Street 
Bridge  pier,  graduated  to  feet  and  half -feet.  On  August  31st,  1893, 
readings  on  this  gage  were  discontinued,  and  were  commenced  on 
May  1st,  1895,  supposedly  on  the  same  gage,  but  the  zero  of  this 
latter  gage  seems  to  be  about  three  feet  lower  than  the  former. 
This  gage  was  used  until  1899  or  1900,  when  the  present  staff  gage 
was  installed  at  the  same  datum.  On  July  24th,  1907,  the  Water 
Supply  Commission  of  Pennsylvania  began  making  discharge  meas- 
urements, in  order  to  rate  this  station. 

The  channel  is  straight  for  500  feet  above  and  below  the  station. 
The  right  bank  is  low  and  overflows  during  high  stages,  while  the 
left  bank  is  high  and  does  not  overflow. 

In  order  that  the  discharge  of  the  entire  stream  may  be  obtained, 
during  freshets,  when  the  water  passes  around  the  Fourth  Street 
Bridge,  discharge  measurements  are  taken  from  a  steel,  highway 
bridge,  about  one-fourth  mile  above  the  gage.  Low  water  measure- 
ments are  taken  at  the  Fourth  Street  Bridge  by  wading.  The  initial 
point  for  soundings  is  left  end  of  top  angle  of  hand-rail,  downstream 
side  of  highway  bridge. 

A  two-inch  by  ten-inch  oak  staff  gage,  painted  white,  with  black 
graduations  to  feet  and  tenths,  is  fastened  to  the  first  pier  from  the 
north  end  of  the  Fourth  Street  Bridge.  The  elevation  of  zero  is 
597.4  feet  above  mean  sea  level.  Bench  Mark  No.  1,  which  was  lo- 
cated on  an  arch  over  a  head  race  near  the  Fourth  Street  Bridge,  has 
been  obliterated.  Bench  Mark  No.  2  is  top  edge  of  outer  corner  of 
left  abutment,  downstream  side  of  Fourth  Street  Bridge;  elevation 
22.50  feet  above  gage  datum.  The  gage  is  read  thrice  daily  by  Law- 
rence White. 

Since  the  Juniata  Hydro-Electric  Company,  five  miles  above,  at 
Warrior  Ridge,  began  operating  its  plant  in  the  spring  of  1908,  low 
water  readings  are  affected  by  storage  at  this  plant,  due  to  the 
placing  of  flash  boards  on  the  dam.  As  a  result  of  these  conditions, 
the  minimum  discharge  for  the  month  of  February,  1912,  is  exceed- 
ingly low. 
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Since  the  establishment  of  this  station  25  discharge  measurements 
have  been  made. 

The  daily  gage  heights  for  the  first  part  of  1912  were  furnished 
by  the  U.  S.  Weather  Bureau.  The  data  prior  to  1912  will  be  found 
in  the  1910-11  Report  of  the  Water  Supply  Cpmmission. 


DISCHARGE   MEASUREMENTS   OP   FRANKSTOWN   BRANCH   JUNIATA 
RIVER,  AT  HUNTINGDON,  HUNTINGDON  COUNTY,  PA. 

(Drainage  area  S45  square  miles.) 
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DISCHARGE  TABLE  FOR  FRANKSTOWN  BRANCH  JUNIATA  RIVER,  AT 
HUNTINGDON,  HUNTINGDON  COUNTY,  FROM  JAN.  1,  1912. 
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Note.— This  table  i.<i  only  applicable  subsequent  to  Jan.   1,   1912,   and  is  based  on  five  discbarge 
measurements  made  during  1910-11-12,    together  with  former  curve. 
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ESTIMATED     MONTHLY     DISCHARGE     OF     FRANKSTOWN     BRANCH, 
JUNIATA  RIVER,  AT  HUNTINGDON,  HUNTINGDON  COUNTY,  PA. 

{Drainage  area  S^iS  square  miles.) 


MONTH. 


1912. 

Jannarr,     

February,     

March,     

April 

Maj 

Jaoe,     

Julj 

August, 

September 

October 

November 

December,     

The  year,  


Dischaise  in  Secont 

Maximam. 

Minimum. 

2480 

260 

9860 

85 

lOSOO 

eoo 

6090 

600 

12200 

600 

4100 

100 

4370 

188 

576 

182 

4520 

106 

lli» 

800 

26G0 

215 

1840 

U8 

12200 

85 

Mean. 


1160 

1210 

4070 

2420 

2200 

499 

781 

892 

968 

622 

790 

687 


Run-off. 


1807 


Second-feet 

per  square 

mile. 


1.878 
1.482 
4.817 
2.864 
2.604 
0.591 
0.865 
0.464 
1.184 
0.786 
0.985 
0.754 


1.547 


Depth  in 
inches. 


1.588 
1.544 

5.558 
8.196 
8.002 
0.659 
0.997 
0.586 
1.265 
0.849 
1.044 
0.869 

21.006 


KISHACOQUILLAS  CREEK. 


DESCRIPTION  OF  BASIN. 

Kishacoquillas  creek  joins  the  Juniata  river  at  Lewistown,  45 
miles  above  the  river's  mouth,  from  the  northeast,  draining  195 
squaie  miles,  practically  all  of  which  lies  in  Mifflin  county.  It  is 
formed  by  the  East  and  West  Branches,  which  join  at  Beedville, 
both  branches  and  its  other  tributaries  rising  in  the  sandstone 
ridges,  while  the  main  stream  valley  and  those  of  the  two  branches 
for  some  miles  above  their  junction  lie  in  the  limestone,  resulting 
in  a  well  maintained  flow.  Its  course  is  southwesterly  and  its  length 
from  Reedville  is  five  and  one-half  miles,  the  basin  being  fan  shaped. 
The  main  valley  is  densely  populated  and  water  is  used  for  indus- 
tiial,  domestic  and  water  power  purposes.  Its  larger  upper  tribu- 
taries as  they  emerge  from  the  sandstone  area  are  used  for  supply- 
ing Beedville,  Burnham,  Yeagertown  and  Lewistown. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  August  21,  1911,  at  Kulp's, 
two  miles  above  the  mouth. 
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SUSQUEHANNA  BASIN— STATION  NO.  18. 


KISHACOQUILLAS  CREEK  AT  KULP'S. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  August  21st,  1911,  and  is  located  on  a  two  span, 
wooden,  highway  bridge,  at  Kulp's. 

The  channel  is  straight  above  and  below  the  station  for  300  feet, 
with  riffles  about  100  feet  below  the  bridge.  The  right  bank  is  high 
but  overflows  during  extreme  stages,  while  the  left  bank  is  high  and 
does  not  overflow.  The  bed  is  of  rocks  and  mud  and  is  fairly  perma- 
nent.   Theie  is  slight  velocity  under  the  bridge  at  low  stages. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  and  by  w»iding  at  low  stages  150  feet  above  the  bridge. 
The  initial  point  for  soundings  is  top  edge  of  left  abutment,  down- 
stream side. 

A  stafl:'  gage  is  bolted  to  the  upstream  face  of  the  left  abutment. 
The  elevation  of  zero  is  arbitrary  datum.  Bench  Mark  No.  1  is 
mark  chiselled  on  stone  in  fourth  row  from  top,  upstream  face,  left 
abutment;  elevation  5.87  feet  above  gage  datum.  The  gage  is  read 
twice  daily  by  Thomas  W.  Hawke. 

SSince  the  establishment  of  this  station  seven  discharge  measure- 
ments have  been  made.  The  data  prior  to  1912  will  be  found  in  the 
1910-11  Keport  of  the  Water  Supply  Commission. 
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DISCHARGE     MEASUREMENTS     OF     KISHACOQUILLAS     CREEK,     AT 

KULPS,     MIFFLIN  COUNTY,  PA. 

(Drainage  area  190  square  miles.) 
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ESTIMATED  MONTHLY  DISCHARGE  OF  KISHACOQUILLAS  GREEK,  AT 

KULPS,  MIFFLIN  COUNTY,  PA. 

(Drainage  area  190  square  miles.) 
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TUSCARORA  CREEK. 


DESCRIPTION  OF  BASIN. 

Tuscarora  creek,  an  important  tributary  of  the  Junm  ta  river,  join- 
ing that  stream  at  Port  Royal,  from  the  south,  rises  in  the  south- 
eastern part  of  Huntingdon  county  and  flows  northeasterly  through 
that  county  into  Juniata  county,  and  thence  in  the  same  direction 
to  the  river.  Its  total  length  is  approximately  45  miles  and  its  total 
drainage  area  approximately  256  square  miles,  its  watershed  being 
long,  straight  and  narrow.  The  only  large  tributary  is  Licking 
creek,  which,  after  flowing  nearly  parallel  to  the  parent  stream  for 
several  miles,  joins  it  just  above  the  river.  Licking  creek  is  used 
for  industrial  water  supply.  The  valley  is  well  cultivated  as  are 
some  of  the  hillsides,  while  the  hill  tops  are  well  timbered.  The 
main  stream  is  unused  for  water  supply  and  little  for  power. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  August  2l8t,  1911,  at 
Qroninger's  Bridge,  four  miles  above  the  mouth. 
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SUSQUEHANN4.  BASIN— STATION  NO.  19. 


TUSCARORA  CREEK  NEAR  PORT  ROYAL. 


DESCRIPTION  OF  STATION. 

This  station  was  established  on  August  21st,  1911,  by  the  Water 
Supply  Commission  of  Pennsylvania,  and  is  located  on  a  single  span, 
steel,  through  truss,  highway  bridge,  about  four  miles  above  Port 
Royal. 

The  channel  above  the  station  is  straight  for  150  feet,  with  bend 
to  left,  while  below  the  station  it  is  straight  for  200  feet.  The  right 
and  left  banks  are  low  but  do  not  overflow  except  during  extreme 
stages.  The  bed  is  of  gravel  and  rocks  and  is  fairly  permanent 
There  is  a  good  velocity  at  all  stages. 

Measurements  are  taken  from  the  downstream  side  of  the  bridge 
and  by  wading  100  feet  upstream  during  low  stages.  The  initial 
point  for  soundings  is  bridge  pin,  downstream  right  abutment. 

A  chain  gage  is  bolted  to  the  floor  on  the  upstream  side  of  the 
bridge.  The  length  of  chain  from  the  bottom  of  the  weight  to  the 
marker  is  21.70  feet.  The  elevation  of  zero  is  arbitrary  datum. 
Bench  Mark  No.  1  is  shelf  in  stone  on  face  of  right  abutment,  seventh 
course  from  top,  second  in  from  downstream  corner,  0.54  feet  down 
from  top  of  stone;  elevation  9.71  feet  above  gage  datum.  The  gage  is 
read  twice  daily  by  G.  W.  Groninger. 

Since  the  establishment  of  this  station  12  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE   MEASUREMENTS   OF  TUSCARORA   CREEK,    NEAR   PORT 

ROYAL,  JUNIATA  COUNTY,  PA. 

(Drainage  area  ftOo  square  miles.) 
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DISCHARGE  TABLE  FOR  TUSCARORA  CREEK,   NEAR    PORT    ROYAL, 

JUNIATA  COUNTY,  FROM  AUGUST  21,  1911. 
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ESTIMATED   MONTHLY   DISCHARGE   OF   TUSCARORA   GREEK,    NEAR 

PORT  ROYAL,  JUNIATA  COUNTY. 

(Drainage  area  aOS  square  miles  J 


UONTH. 


Discbaitre  in  Second-feet. 


1912. 

Januaiy,     

February 

March 

April,    

May 

June,     

Jnly 

Aujpxst 

September 

October,     

November,    

December,     

The  year 


Maximum. 

Minimum. 

Mean 

664 

170 

880 

2560 

94 

896 

6460 

12S 

888 

2oeo 

241 

609 

9950 

186 

916 

626 

42 

94 

774 

16 

88 

889 

21 

80 

1920 

11 

168 

106 

10 

68 

1620 

16 

116 

620 

88^ 

96 

9950 

10 

313 

Run-off. 


Second-feet 

per  square 
mile. 

Depth  In 
Inches. 

1.866 

1.576 

1.982 

2.064 

4.807 

4.966 

2.941 

8.281 

4.468 

6.151 

0.469 

0.512 

0.406 

0.467 

0.890 

0.460 

0.771 

0.860 

0.269 

0.299 

0.666 

0.632 

0.478 

0.661 

1.688 

80.827 

JUNIATA  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Juniata  river,  the  largest  tributary  of  the  Susquehanna  river, 
below  the  forks,  drains  a  crescent  shaped  area  of  approximately 
3,450  square  miles,  lying  in  the  southcentral  part  of  Pennsylvania, 
and  entirely  within  the  Allegheny  Mountains  and  their  foot  hills. 
This  river  is  formed  in  Huntingdon  county  at  a  point  six  miles  east 
of  Huntingdon,  by  the  junction  of  the  Raystown  and  Frankstown 
Branches,  the  former  rising  on  the  eastern  slope  of  the  mountains 
in  the  eastern  part  of  Somerset  county,  flowing  eastward  and  then 
northeastward,  with  a  drainage  area  of  approximately  1,012  square 
miles,  and  the  latter  rising  in  the  northwestern  part  of  Bedford 
county,  on  the  eastern  slope  of  the  Allegheny  divide,  and  flowing 
northeasterly  and  then  southeasterly,  with  a  drainage  area  of  ap- 
proximately 995  square  miles. 

From  the  junction  of  the  two  branches,  the  Juniata  river  flows  in 
a  general  easterly  direction  through  Huntingdon,  Mifflin,  Juniata 
and  Perry  counties,  to  its  mouth  at  Juniata  Bridge,  a  total  distance 
of  about  80  miles.  The  valley  of  the  stream  is  narrow,  bounded  by 
high  bordering  hills  and  flows  in  a  winding  course,  cutting  through 
a  succession  of  sandstone  ridges,  the  channel  being  generally  on  a 
rocky  bed,  with  numerous  riflles,  separated  by  pools,  in  which  sedi- 
ment to  considerable  depth  has  collected  at  some  points.  The  junc- 
tion of  the  Frankstown  and  Raystown  Branches  lies  at  an  approxi- 
mate elevation  of  610  feet  and  the  mouth  at  360  feet,  making  an 
10 
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average  fall  of  three  feet  per  mile.  Draining,  as  this  stream  does,  a 
section  of  the  Allegheny  Mountains,  it  has  many  tributaries  flowing 
northerly  and  southerly  between  the  ridges.  The  mountains  are 
generally  covered  with  second  growth  timber,  but  the  larger  valleys 
are  deforested  and  used  extensively  for  farming.  The  valleys  of  the 
river  and  its  main  tributaries  are  rather  thickly  populated,  but  the 
headwaters  of  the  tributaries  are  sparsely  inhabited.  At  one  time 
this  river  was  followed  from  its  mouth  to  HoUidaysburg  by  the  Penn- 
sylvania Canal,  long  since  abandoned,  and  replaced  by  the  main 
line  of  the  Pennsylvania  Railroad. 

The  majority  of  the  larger  towns  receive  their  domestic  water  sup- 
ply from  tributaries  of  the  river;  the  river  itself  being  thus  used 
only  in  case  of  emergency,  is,  however,  considerably  employed  for 
industrial  purposes.  Several  of  the  lower  tributaries,  as  well  as 
both  of  the  branches,  drain  areas  of  limestone,  which  contribute  to 
maintain  a  fair  low  water  flow. 

The  mean  annual  precipitation  over  almost  the  entire  basin  is  from 
40  to  45  inches. 

The  discharge  has  been  measured  since  March  21,  1899,  at  New- 
port, twelve  miles  above  the  mouth. 


SUSQUEHANNA  RIVER-STATION  NO.  20. 


JUNIATA  RIVER  AT  NEWPORT. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  U.  S.  Geological  Survey  on 
March  21,  1899,  at  a  steel,  through  truss,  highway  bridge,  near  the 
Pennsylvania  Railroad  station  at  Newport.  On  April  1st,  1907, 
this  station  was  taken  over  by  the  Water  Supply  Commission  of 
Pennsylvania  and  has  since  been  maintained  and  operated  by  this 
Commission. 

The  channel  is  straight  for  one-half  mile  above  and  below  the  sta- 
tion. The  right  and  left  banks  are  high  and  not  subject  to  over- 
flow. The  bed  is  of  hard  material  and  permanent.  There  is  a  good 
measurable  velocity  under  the  bridge  at  all  stages. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge;  the  initial  point  for  soundings  being  end  of  hand-rail  on 
right  bank,  downstream  side. 

On  March  29th,  1905,  a  standard  chain  gage  was  fastened  to  the 
hand-rail  on  the  downstream  side  of  the  bridge,  in  the  first  span.    The 
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length  of  chain  from  the  bottom  of  weight  to  the  marker  is  36.84 
feet.  The  elevation  of  zero  is  363.32  feet  above  mean  sea  level  (P. 
R.  R.  Levels).  Bench  Mark  No.  1  is  extreme  east  end  of  stone  door- 
sill,  east  front  of  Ewing's  store  building,  near  end  of  bridge;  eleva- 
tion 28.83  feet  above  gage  datum.  This  B.  M.  is  not  reliable  on  ac- 
count of  the  step  being  worn  considerably  and  should  not  be  con- 
sidered. Bench  Mark  No.  2  is  on  shelf  in  southeast  corner  of  under- 
pinning of  stoie  of  J.  M.  Ewing;  elevation,  28.87  feet  above  gage 
datum.  Bench  Mark  No.  3  is  top  of  fire  plug  in  front  of  Ewing's 
Store;  elevation,  29.75  feet  above  zero  of  gage,  or  393.07  feet  above 
mean  sea  level.  (P.  R.  R.  Bench).  The  gage  is  read  twice  daily  by 
A.  R.  Bortel. 

Since  the  establishment  of  this  station  37  discharge  measurements 
have  been  made.  No  discharge  measurements  have  been  made  since 
the  1910-11  report  of  the  Water  Supply  Commission,  the  data  prior 
to  January  1st,  1912,  being  contained  therein. 


DISCHARGE    TABLE    FOR    JUNIATA    RIVER,    AT    NEWPORT,    PERRY 

COUNTY  FROM  JAN.  1ST.,  1912. 
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Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet 

Sec.-ft. 

Feet. 

Sec.-ft. 

2.60 

470 

.60 

10R8D 

.60 

26780 

.60 

46640 

.60 

70120 

.70 

570 

.70 

11220 

.70 

27220 

.70 

4noo 

.70 

70740 

.80 

680 

.80 

ii!>eo 

.80 

27660 

.80 

47660 

.80 

71360 

.90 

825 

.90 

11910 

.90 

28100 

.90 

48220 

.90 

71980 

S.OO 

980 

7.00 

12260 

11.00 

28340 

16.00 

48780 

19.00 

72600 

.10 

1146 

.10 

12610 

.10 

28980 

.10 

49340 

.10 

73220 

.20 

1320 

.20 

12970 

.20 

29420 

.20 

49900 

.20 

73840 

.80 

1505 

.80 

1S330 

.80 

29880 

.80 

50460 

.80 

74460 

.40 

1700 

.40 

1870O 

.40 

30340 

.40 

61040 

.40 

75080 

.60 

1900 

.60 

14070 

.60 

30800 

.60 

61620 

.60 

76700 

.60 

2110 

.60 

14440 

.60 

31260 

.60 

52200 

.60 

76320 

.70 

2880 

.70 

14820 

.70 

31720 

.70 

52780 

.70 

76040 

.80 

2650 

.80 

15200 

.80 

32180 

.80 

63360 

.80 

77560 

.90 

2780 

.90 

15580 

.90 

32640 

.90 

58940 

.90 

78180 

4.00 

8020 

8.00 

15960 

12.00 

3810O 

16.00 

64620 

20.00 

78800 

.10 

8270 

.10 

16350 

.10 

33580 

.10 

56100 

.10 

79420 

.20 

8580 

.20 

16740 

.20 

84060 

.20 

65680 

.20 

80060 

80 

8800 

.80 

17180 

.80 

84540 

.80 

66260 

.80 

80700 

.40 

4070 

.40 

17520 

.40 

35020 

.40 

66840 

.40 

81840 

.GO 

4850 

.60 

17920 

.60 

36500 

.60 

67440 

.60 

81960 

.60 

4680 

.60 

18320 

.60 

36000 

.60 

68040 

.60 

.70 

4910 

.70 

18720 

.70 

36500 

.70 

68640 

.70 

88260 

.80 

6200 

.80 

19120 

.80 

87000 

.80 

69240 

.80 

88900 

.90 

5490 

.90 

19520 

.90 

37500 

.90 

69840 

.90 

84540 

6.00 

5780 

9.00 

19940 

18.00 

38020 

17.00 

60440 

21.00 

86180 

.10 

6080 

.10 

20860 

.10 

88540 

.10 

61040 

.10 

85820 

.20 

6880 

.20 

2078O 

.20 

39060 

.20 

61640 

.20 

86460 

.80 

6690 

.80 

21200 

.80 

39580 

.80 

62240 

.80 

87100 

.40 

7000 

.40 

Z1620 

.40 

40100 

.40 

62840 

.40 

87740 

.80 

7810 

.60 

22040 

.50 

40620 

.50 

63440 

.60 

88880 

.60 

7620 

.60 

22460 

.60 

41140 

.60 

64040 

.60 

89020 

.70 

7980 

.70 

22880 

.70 

41660 

.70 

64640 

.70 

89660 

.80 

8850 

.80 

23900 

.80 

42200 

.80 

65240 

.80 

90800 

.90 

8670 

.90 

28720 

.90 

42740 

.90 

65840 

.90 

90940 

6.00 

8890 

10.00 

24140 

14.00 

43280 

18.00 

66410 

22.00 

91680 

.10  I 

9210 

.10 

24rxS0 

.10 

43820 

.10 

67010 

.10 

92220 

.20 

9640 

.20 

25020 

.20 

44360 

.20 

67640 

.20 

92860 

.80 

9870 

.80 

25460 

.80 

44900 

.30 

68260 

.40 

loeoo 

.40 

26900 

.40 

45440 

.40 

68880 

.60 

10640 

.60 

26840 

.50 

45980 

.50 

69500 

Note:— Tills  table  is  only  applicable  sobneqaent  to  Jan.  Ist,   1912,   and  is  a  combination  of  the 
former  curTe  of  the  Water  Supply  Oommlssion  of  Penna.,   and  the  1910-11  U.  S.  G.  S.  curye. 
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ESTIMATED    MONTHfT   DISCHARGE   OF   JUNIATA   RIVER,    AT   NEW- 
PORT, PERRY  COUNTY,  PA. 

(Drainage  area  S,S80  square  miles.) 


MONTH. 


Discharge  in  Second-feet. 


Mazimam.  ,   Mlnlmom. 


January. 
February, 
March, 
April,      ... 

May 

June 

July 

August,     .  . 

Sentember, 

October. 

NovemlKT, 

December, 


1912. 


31800 

42300 

18300  ' 

30400 

11600 

11400 

3140 

14900 

4430  I 

8000 

4210 


Mean. 


2730 
4630 
3530 
1500 
1110 
1230 
1110 
1320 
150O 
1600 


Run-oflF. 


The   year. 


2810 
4360 

13500 
9260 

10600 
2780 
2970 
1870 
3190 
2260 
8050 
2870 


4920 


decond-feet 

per  square 

mile. 


0.881 
1.290 
8.994 
2.740 
8.136 
0.822 
0.879 
0.553 
0.944 
0.666 
0.902 
0.701 

1.466 


Depth  in 
inches. 


0.968 
1.391 
4.606 
3.057 
8.616 
0.917 
1.014 
0.63S 
1.03 
0.76.i 
1.006 
0.808 

19.881 


No —River  froien  Jan.   10-Feb.  26  incl.,    discharge  estimated  from  W.   Br.   Susquehanna  River 

at  Iwaovo  and   climatological   records. 


CONODOGUINET  CREEK. 


DESCRIPTION  OF  BASIN. 

Conodoguinet  creeek  rises  in  the  highlands  of  the  west  part  of 
F.  anklin  county,  flows  northeast  through  Franklin  and  Cumberland 
counties,  to  join  the  Susquehanna  river  opposite  Harrisburg.  Its 
cou:se  is  tortuous  and  its  curient  slow,  and  its  valley  in  the  lower 
section  is  deep  and  nariow.  The  total  length  of  the  creek  is  75  miles 
and  its  drainage  aiea  483  square  miles.  Its  tributaries  are  generally 
short  and  unimportant,  its  watershed  area  being  long  and  narrow. 
On  the  noith  the  basin  is  bounded  by  a  sandstone  ridge,  while  to 
the  south  the  valley  is  composed  of  rolling,  limestone  hills,  highly 
cultivated.  Carlisle  and  Mechanicsburg,  and  other  smaller  boroughs, 
lie  in  the  valley  of  this  stream;  the  former  obtaining  its  water  supply 
therefrom,  and  other  towns  receiving  their  supplies  from  the  tribu- 
taries. It  is  considerably  used  for  water  power  by  grist  mills,  and  a 
few  small  hydro-electric  plants. 

The  mean  annual  precipitation  over  this  watershed  is  from  40 
to  45  inches. 

The  discharge  has  been  measured  since  September  26th,  1911,  at 
Bryson's  Bridge,  15  miles  above  the  mouth. 
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SUSQUEHANNA  BASIN— STATION  NO.  21 


CONODOGUINET  CREEK  AT  BRYSON'S  BRIDGE, 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  September  26th,  1911,  and  is  located  on  a  two  span, 
covered,  wooden  bridge,  a  few  miles  below  Hogestown. 

The  channel  is  straight  for  300  feet  above  and  500  feet  below  the 
station.  There  are  riffles  about  200  feet  above  the  station.  The  right 
bank  is  high,  while  the  left  bank  is  low,  but  water  at  all  stages  passes 
under  the  bridge.    The  bed  is  of  rock,  sand  and  gravel. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge  through  the  floor  openings  and  by  wading.  The  initial 
point  for  soundings  is  top  edge  of  left  abutment,  downstream  side. 

A  chain  gage  is  attached  to  the  lower  chord  on  the  downstream 
side  of  the  bridge,  near  the  left  bank.  The  length  of  chain  from  the 
bottom  of  weight  to  the  marker  is  19.00  feet.  The  elevation  of  zero 
is  arbitrary  datum.  Bench  Mark  No.  1  is  corner  of  protruding  stone, 
third  down  from  top,  at  bridge  end  of  left  downstream  approach 
wall;  elevation,  20.70  feet  above  gage  datum.  The  gage  is  read 
twice  daily  by  Robert  D.  Hoy. 

Since  the  establishment  of  this  station  16  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
report  of  the  Water  Supply  Commission. 
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DISCHARGE   MEASUREMENTS   OF   CONODOGUINET   CREEK,    AT   BRY- 

SON'S  BRIDGE,  CUMBERLAND  COUNTY,  PA. 

(Draittage  area  4^0  square  miles.) 


No.       Date. 


Hydrograpber. 


1912. 

14  Nov.    15. 

15  Dec.    16, 

I       1913. 

16  •  April  15. 


Reckord  &  Hinkley, 
Boebrlnger  ft  Reck- 
ord. 

Boehrlnger  ft  Reck- 
ord. 


• 

a 

S 

• 

^ 

1 

1 

§ 

a 

9 

< 

S 

o 

0 

Remarks. 


Ft. 

Feet. 

Sq.  ft. 

per 

Feet. 

218 

286 

1.03 

2.96 

211 

269 

0.64 

2.82 

230 

606 

i 

1.83 

4.21 

Sec.  ft. 
295 


0.6    measurement. 
178    0.6    measurement. 


U12 


0.2    and 
ment. 


0.8     mea.sure- 


DISCHARGB    TABLE    FOR    CONODOGUINET    CREEK,     AT    BRYSON'S 
BRIDGE,  CUMBERiiAND  COUNTY,  FROM  JAN.  1ST,  1912. 
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4-1 

■M 

• 

• 

• 
•4-» 

£i 

ja 

n 

A 

JA 

}f 

• 

jf 

.a 

if 

• 

J* 

6 

Si 

• 

0; 

OS 

15 

t 

S 

• 

e« 

§ 

10 

§ 

V 

XX 
CI 

.3 

1 

If 

1 

o 

Sec. -ft. 

O 

Q 

o 

Q 

o 

Q 

o 

0 

Feet. 

Feet. 

Scc.-ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec.-ft. 

Feet. 

Soc.-ft. 

2.60 

127 

.10 

770 

.60 

1770 

.10 

8160 

.60 

5210 

.70 

155 

.20 

880 

.70 

1860 

.20 

8270 

.70 

5370 

.80 

185 

.80 

890 

.80 

1980 

.80 

8390 

.80 

5540 

.90 

217 

.40 

960 

.90 

2010 

.40 

8510 

.90 

5710 

3.00 

251 

.50 

1010 

6.00 

2090 

.50 

8640 

9.00 

6880 

.10 

287 

.60 

1070 

.10 

2170 

.60 

8770 

.10 

6060 

.20 

825 

.70 

1130 

.20 

2260 

.70 

8900 

.20 

6240 

.30 

365 

.80 

1200 

.80 

2350 

.80 

4080 

.80 

6420 

.40 

406 

.90 

1270 

.40 

2450 

.90 

4160 

.40 

6610 

.50 

460 

5.00 

1840 

.50 

2550 

8.00 

4300 

.60 

6800 

.60 

495 

.10 

1410 

.60 

2650  . 

.10 

4450 

.60 

7000 

.70 

545 

.20 

1480 

.70 

2750 

.20 

4600 

.70 

7200 

.80 

606 

.80 

1550 

.80 

2850 

.80 

4750 

.80 

7410 

.90 

660 

.40 

1620 

.90 

2950 

.40 

4900 

.90 

7630 

4.00 

715 

1 

.50 

1690 

7.01 

3050 

1 

.50 

5050 

10.00 

7S50 

Note.— This   table  is  only   applicable  subsequent   to   Jan.    1,    1912,    and   is   based  on   2  low   water 
discharge   measurements,    together   with    former   curve. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  CONODOGUINET  CREEK,  AT 

BRYSON'S  BRIDGE,  CUMBERIAND  COUNTY. 

(Drain*tQ€  area  .^60  square  miles.) 


MONTH. 


1912. 


January,    . 
February, 
March.     .. 

^,-  :■■:. 

June,     .... 
July 

AugDAt.     . . 

September, 
October,    . 
Norember, 
December, 


The  year. 


Maximum. 

Mlnimom. 

Mean. 

• 

856 

2670 

668 

7870 

857 

1250 

2290 

441 

878 

1620 

806 

800 

1820 

195 

829 

1040 

207 

485 

948 

147 

851 

7180 

h80 

668 

488 

183 

215 

2040 

h97 

270 

1880 

hl22 

282 

541 

Run-off. 


Second-feet 

per  aqaare 

Depth  in 
Inches. 

0.774 

0.892 

1.441 

1.554 

2.717 

8.182 

1.898 

2.118 

1.789 

2.O06 

0.715 

0.798 

0.946 

1.091 

0.763 

0.880 

1.452 

1.620 

0.467 

0.638 

0.587 

0.665 

0.618 

0.707 

1.176 

15.990 

Note.— hoflstimated.  Greek  froxen  over  Jan.  5th  to  Feb.  2l8t,  ind.,  daring  which  time  one 
Ice  measnrement  was  made,  from  which,  in  conjunction  with  the  climatological  records,  the  dis- 
charge for  these  dates  was  computed. 


SUSQUEHANNA  RIVER. 


DESCRIPTION  OP  BASIN. 

The  Susquehanna  river,  the  largest  stream  in  the  State,  is  formed 
by  the  junction  of  the  North  and  West  Branches  at  Northumberland, 
Northumberland  county,  Penn'a.  The  North  Branch,  together  with 
the  section  below  the  junction  of  the  two  branches,  is  now  recognized 
as  the  Susquehanna  river,  but  for  convenience  the  old  nomenclature 
has  been  retained. 

From  Northumberland  the  river  follows  a  nearly  southerly  course 
to  its  junction  with  the  Juniata  river  near  Duncannon,  Perry  county, 
at  which  point  it  cuts  through  the  North  Mountain,  turning  to  the 
southeast  and  continuing  this  course  to  its  mouth  in  Chesapeake 
Bay,  at  Havre-de-Grace,  Md.  From  Northumberland  to  a  point 
about  12  miles  below  Columbia  the  river  is  wide  and  shallow,  averag- 
ing about  one  mile  in  width,  with  a  slope  of  2.6  feet  per  mile,  break- 
ing through  a  series  of  parallel  ridges  in  the  upper  portion,  and 
crossing  the  Cumberland  Valley  in  the  lower  portion.  About  23 
miles  above  the  Maryland-Pennsylvania  state  line  the  stream  enters 
a  gorge  where  it  crosses  the  Piedmont  Plateau  and  becomes  a  more 
narrow  and  rapid  stream,  with  an  average  fall  of  6.1  feet  per  mile, 
continuing  this  character  until  it  leaves  the  State. 
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The  piominent  tributaries  are  the  West  and  North  Branches, 
Juniata  liver  and  Pennsylvania,  Sherman,  Conodoguinet,  Swatara, 
Conestoga,  Pequea,  Conewago,  Codorus  and  Octoraro  creeks. 

The  total  length  of  the  Susquehanna  river  from  Northumberland 
to  the  state  boundary  is  110  miles.  The  drainage  basin  of 
the  stream  in  Pennsylvania  is  approximately  21,320  square  miles, 
or  47.2  per  cent  of  the  entire  area  of  the  state,  while  the  total  area 
tributary  at  the  Pennsylvania-Maryland  state  line  is  approximately 
27,590  square  miles. 

The  Susquehanna  river  is  not  navigable,  except  locally  for  small, 
flat  bottom  boats,  adaptable  for  local  trade  and  pleasure  and  this 
only  during  certain  seasons  of  the  year.  Canals  formerly  followed 
its  banks  and  those  of  the  North  and  West  Branches,  Juniata  river 
and  Swatara  creek,  but  they  are  now  abandoned.  This  entire  basin 
is  largely  deforested  but  it  is  to  some  extent  in  process  of  regrowth. 
The  streams  are  subject  to  sudden  rises  and  to  extremely  low  sum- 
mer flow.  There  are  few  natural  lakes  or  ponds  in  the  Middle  and 
Lower  Susquehanna  Sub-basins. 

The  nearly  uniform  slope,  which  exists  from  Northumberland  to 
York  Haven,  is  broken  at  the  latter  point  by  rapids,  and  again  in  the 
gorge  below  Columbia.  The  water  power  on  this  stream  at  present 
is  developed  at  York  Haven  and  McCall's  Ferry. 

Some  of  the  tributaries  of  the  West  Branch  and  Juniata  river,  to- 
gether with  Swatara,  Yellow  Breeches  and  Conodoguinet  creeks 
drain  limestone  areas.  The  North  Branch  drains  the  anthracite 
coal  fields,  as  do  certain  of  the  tributaries  of  the  main  stream,  among 
them  Mahanoy,  Shamokin,  Mahantonga  and  Wiconisco  creeks. 

The  chief  municipalities  on  the  main  river  and  its  tributaries  be- 
low Northumberland  are  Sunbury,  Altoona,  HoUidaysburg,  Tyrone, 
Huntingdon,  Lewistown,  Harrisburg,  Shamokin,  Shenandoah,  Leb- 
anon, York,  Lancaster  and  Columbia.  The  main  river,  both  branches 
and  many  of  its  tributaries  are  followed  by  the  Pennsylvania  or  the 
Philadelphia  and  Reading  Bailroads. 

The  mean  annual  rainfall  over  the  entire  Susquehanna  basin  in 
Pennsylvania  is  approximately  41  inches. 

The  discharge  is  being  measured  at  Harrisburg,  on  the  main 
stream,  and  at  Wilkes-Barre,  Danville  and  Binghamton,  on  the  North 
Branch;  Williamsport  and  Renovo,  on  the  West  Branch,  and  New- 
port on  the  Juniata  river.  Prior  to  January  1st,  1910,  the  discharge 
was  obtained  on  the  main  river  at  McCall's  Ferry.  This  station  was 
discontinued,  due  to  the  erection  of  a  large  concrete  dam,  near  tlie 
station. 
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SUSQUEHANNA  BASIN— STATION  NO.  22. 


SUSQUEHANNA  RIVER  AT  HARRISBURG. 


DESCRIPTION  OF  STATION. 

This  station  was  established  January  1st,  1891,  at  the  pumping 
station  of  the  Harrisburg  Water  Works,  located  at  the  foot  of  North 
Street,  Harrisburg.  Headings  were  taken  on  this  gage  until  July 
18th,  1904,  when  a  standard  chain  gage  was  installed  on  the  Walnut 
Street  Bridge,  by  the  U.  S.  Geological  Survey.  On  July  15th,  1906, 
the  U.  S.  Weather  Bureau  took  over  the  maintenance  of  this  station. 

The  channel  is  straight  both  above  and  below  the  station,  being 
divided  into  two  parts  by  Hargest's  Island.  The  right  and  left  banks 
are  high  and  not  subject  to  over  flow.  The  bed  is  of  gravel  and 
boulders  and  is  permanent. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  Walnut  Street  Bridge;  the  initial  point  for  soundings  being  end 
post  of  hand-rail  on  downstream  side  at  left  bank. 

From  1890  to  July  18,  1904,  the  readings  were  taken  in  the  pump 
well  at  the  water  works,  the  observations  being  made  by  E.  Mather. 
On  July  18th,  1904,  a  standard  chain  gage  was  attached  to  the  hand- 
rail on  the  upstream  side  of  the  Walnut  Street  Bridge,  in  the  first 
span.  The  length  of  chain  from  the  bottom  of  the  weight  to  the 
marker  is  39.37  feet.  The  elevation  of  zero  is  the  low  water  mark  of 
1803,  or  289.4  feet  above  mean  sea  level.  Bench  Mark  No.  1  is  top  of 
upstream  outer  corner  of  bridge  seat  on  left  abutment;  elevation, 
32.99  feet  above  gage  datum.  Since  July  15th,  1906,  the  gage  has 
been  observed  by  E.  E.  Demain,  Local  Forecaster,  U.  S.  Weather 
Bureau. 

The  island,  which  divides  the  river  into  two  channels  at  this  point, 
only  overflows  at  extreme  high  stashes. 

Since  the  establishment  of  this  station  56  discharge  measure- 
ments have  been  made.  The  data  prior  to  1912  will  be  found  in  the 
1910-11  report  of  the  Water  Supply  Commission. 
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DISCHARGE    MEASUREMENTS    OF    SUSQUEHANNA    RIVER,    AT    HABr- 

RISBURG..  DAUPHIN  COUNTY,  PA. 


{Drainage  area  ftS,Sty5  square  miles.) 
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Feet. 

Sq.  ft. 

per 

Feet. 

Sec.  ft. 

191S. 

sec. 

56  1  Mar.    28, 

Langenheim  ft  Beck' 

2724         56223 

7.42 

19.4€ 

416. 9S4 

Surface    measEoremeot. 

ord. 

• 

DISCHARGE   TABLE   FOR   SUSQUEHANNA    RIVER   AT    HARRISBURG, 

DAUPHIN  COUNTY,  FROM  JANUARY  1,  1912. 
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Feet. 
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Feet. 
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Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

—0.04 

2880 

.10 

53400 

.40 

154570 

.70 

289000 

21.00 

456500 

'0.02 

2860 

.20 

55020 

.50 

156740 

.80 

291800 

.10 

460100 

0.00 

2395 

.80 

56660 

.60, 

158920 

.90 

294600 

.20 

46SSIQO 

.10 

2610 

.40 

68820 

.70' 

161110 

16.00 

297400 

.80 

467600 

.20 

2896 

.50 

60000 

.80' 

163320 

.10 

800800 

.40 

4n400 

.80 

8220 

.60 

61700 

.90 

165650 

.20 

308200 

.50 

475200 

.40 

8690 

.70 

63410 

11.00 

167800 

.30 

806100 

.60 

479D00 

.60 

8995 

.80 

65180 

.10 

170100 

.40 

309000 

.70 

4S2S00 

.60 

4485 

.90 

66S60 

.20 

172400 

.50 

311900 

.80 

486600 

.70 

4906 

6.00 

68600 

.80 

174700 

.60 

814S0O 

.90  1 

490400 

.80 

6410 

.10 

70850 

.40 

177000 

.70 

81T700 

82.00 

494300 

.90 

5930 

.20 

72110 

.50 

179400 

.80 

ssmoo 

.10 

498100 

l.OO 

6475 

.30 

73870 

.60 

181800 

.90 

828500 

.20 

602000 

.10 

7035 

.40 

75630 

.70 

184200 

17.00 

828400 

.80 

506900 

.20 

7625 

.50 

7740O 

.80 

186600 

.10 

829400 

.40 

609900 

.80 

8230 

.60 

79200 

.90 

189000 

.20 

832400 

.50 

518900 

.40 

8900 

.70 

81020 

12.00 

191400 

.80 

835400 

.60 

518060 

.50 

9610 

.80 

82860 

.10 

193S00 

.40 

888400 

.70 

6SZ100 

.60 

10880 

.90 

84720 

.20 

196200 

.60 

841500 

.80 

5Sfi20O 

.70 

11180 

7.00 

86600 

.80 

-19S700 

.60 

844600 

.90 

&3Q30O 

.80 

12000 

.10 

88500 

.40 

201200 

.70 

347700 

28.00 

534400 

.90 

12835 

.20 

90400 

.50 

206700 

.80 

850800 

.10 

5SS500 

2.00 

18690 

.80 

92300 

.60 

206200 

.90 

S5390O 

.20 

542600 

.10 

14550 

.40 

94200 

.70 

20«700 

18.00 

857000 

.80 

546700 

.20 

15410 

.50 

96100 

.80 

211200 

.10 

S6O20O 

.40 

650000 

.80 

16290 

.60 

98040 

.90 

213S0O 

.20 

863400 

.60 

655100 

.40 

17180 

.70 

99960 

13.00 

Z16400 

.80 

866600 

.60 

5G980O 

.50 

18100 

.80 

101920 

.10 

219000 

.40 

869800 

.70 

563600 

.60 

19080 

.90 

103860 

.20 

221600 

.50 

878000 

.80 

567700 

.70 

19980 

8.00 

105800 

.80 

224200 

.60 

876200 

.90 

6n900 

.80 

20960 

.10 

lorr/o 

.40 

226800 

.70 

879400 

M.OO 

576200 

.90 

21960 

.20 

109740 

.50 

229400 

.80 

{       882600 

.10 

580600 

3.00 

23000 

.30 

1        111710 

.60 

282000 

.90 

'       885800 

.20 

584600 

.10 

24150 

.40 

1       113680 

.70 

234600 

19.00 

889000 

.80 

589100 

.20 

25450 

.50 

115650 

.80 

287200 

.10 

1       892300 

.40 

698400 

.80 

26800 

.60 

1       117650 

.90 

289800 

.20 

896600 

.60 

697700 

.40 

2S150 

.70 

119650 

14.00 

242400 

.80 

898900 

.60 

608000 

.50 

2950O 

.80 

1       121650 

.10 

245100 

.40 

408200 

.70 

606400 

.60 

'         80900 

.90 

'       123650 

.20 

247800 

.50 

40Ev)00 

.80 

610900 

.70 

82800 

9.00 

,       125650 

.80 

2.^0'iOO 

.60 

406800 

.90 

615400 

.80 

I         83750 

.10 

127660 

.40 

253200 

.70 

4121  Of* 

25.00 

680000 

.90 

1         86200 

.20 

129fi70 

.50 

255900 

.80 

416400 

;10 

624700 

4.00 

86600 

.80 

181680 

.60 

258600 

.90 

418700 

.80 

629400 

.10 

88050 

.40 

133690 

.70 

261300 

ao.oo 

422000 

.» 

684100 

.20 

89500 

.50 

135700 

.80 

264000 

.10 

425400 

.40 

688800 

.80 

41000 

.60 

1       137720 

.90 

'       266700 

.20 

,       428800 

.60 

64S600 

.40 

42550 

.70 

189760 

16.00 

269400 

.80 

'       482200 

.60 

648800 

.50 

44100 

.80 

141820 

.10 

272200 

.40 

43S600 

.70 

668100 

.60 

45650 

.90 

143900 

.20 

275000 

.60 

439000 

.80 

)       668000 

.70 

47200 

10.00 

1       146000 

.30 

277800 

.60 

442600 

.90 

668900 

.80 

48750 

.10 

'        148120 

.40 

280600 

.70 

446000 

26.00 

667800 

.90 

60250 

.20 

150260 

.60 

283400 

.80 

448500 

6.00 

51800 

1 

.80 

152410 

.60 

286200 

.90 

458000 

Note.— This  table  is  only  applicable  subse<iuent  to  Jan.  1,  1912,  and  la  twsed  on  tiro  dtscharte 
measurements  made  during  1912-13,  together  with  the  former  curre,  and  only  affects  dJacharge 
above  eleven  feet. 
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V 

ESTIMATED   MONTHLY    DISCHARGE   OP    SUSQUEHANNA    RIVER,    AT 

HARRISBURG,  DAUPHIN  COUNTY. 

(Drainaffe  area  23.SSr.  8quare  mile8.) 


MONTH. 


January, 
Febtoary, 
March,    . . . 

April 

May 

June 

July 

August,     . . 
September, 
October.     . 
November, 
December, 


1M2. 


The   year. 


DiacharKe  in  Second-feet. 

Maximum. 

Minimum. 

Mean. 

20600 

168000 

85600 

28»000 

21866 

88900 

246000 

44700 

loeooo 

116000 

19800 

60600 

21700 

7810 

1S400 

18100 

6S70 

9380 

17400 

5880 

9850 

125000 

10800 

80400 

5S100 

13200 

24100 

74800 

19200 

32100 

68500 

19500 

88800 

87500 

Run-off. 


Second-/eet 

per  square 

mile. 


0.871 

1.072  1 

3.722 

4.270 

2.538 

0.561 

0.89t 

0.412 

1.273 

1.009 

1.844 

1.884 


Depth  In 
inches. 


l.OM 
1.15C 
4.2S1 
4.764 


1.671 


a.C26 
0.4» 
•.•C7S 
1.4» 
1.1«8 
1.489 
1.607 


21.S78 


Note.— River  froxen  Jan.  9  to  Feb.  26,   inch,   daily  dischanre  estimated  from  a  comparison  with 
West  Br.  Sufquchanna  River  at  Williarasport  and  North  Br.  Susquehanna  River  at  Wiikes-Barre. 


YELLOW  BREECHES  CREEK. 


DESCRIPTION  OF  BASIN. 

Yellow  Breeches  creek,  a  tributary  of  the  lower  Susquehanna  river, 
drains  an  area  of  approximately  225  square  miles.  Bising  in  the 
southwestern  corner  of  Cumberland  rounty,  it  follows  a  north- 
easterly direction  through  the  rich,  agricultural  region  of  the  Cum- 
berland Valley,  to  its  mouth  in  the  Susquehanna  river  at  New  Cum- 
berland, the  total  length  being  approximately  50  miles.  Its  course 
is  winding,  particularly  near  its  mouth,  and  its  slope  becomes  less 
rapid  as  the  river  is  approached.  There  are  numerous  small  tribu- 
taries rising  in  the  well  timbered,  sandstone  hills,  which  parallel  the 
entire  watershed  on  the  south.  The  creek  follows  closely,  throughout 
its  long  and  narrow  watershed,  the  foot  of  these  hills,  while  on  the 
north  the  valley  is  wide  and  rolling,  being  underlain  with  limestone 
and  producing  numerous  copious  springs,  notably  Boiling  Springs, 
which  are  by  far  the  largest  in  the  State,  maintaining  a  continuous 
flow  of  over  20,000,000  gallons  per  24  hours.  In  the  entire  valley 
there  are,  owing  to  the  presence  of  this  limestone  area,  only  a  few 
small  tributaries  entering  from  the  north.  In  the  drainage  basin 
lie- many  small  villages,  several  of  which  obtain  water  supplies  from 
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the  creek  and  its  tributaries.  Yellow  Breeohes  creek  is  used  quite 
extensively  by  grist  mills  for  power  purposes  and  its  dry  weather 
flow,  maintained  by  the  limestone  springs,  is  remarkably  large. 

The  mean  annual  precipitation  over  the  greater  portion  of  this 
watershed  is  from  35  to  40  inches,  the  balance  receiving  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  March  22,  1909,  at  Olm- 
sted's Mill,  three  miles  above  the  mouth. 


SUSQUEHANNA  BASIN-STATION  NO.  23. 


YELLOW  BREECHES  CREEK  AT  OLMSTED'S  MILL. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  March  22nd,  1909,  at  a  single  span,  through  truss, 
steel,  highway  bridge,  just  below  Lambert's  Mill,  about  one  mile 
south  of  White  Hill  Station  on  the  Cumberland  Valley  Eailroad. 
It  was  discontinued  on  October  31st,  1909,  and  re-established  Jan- 
uary 22nd,  1910. 

The  channel  above  the  station  is  straight  for  200  feet  to  a  wooden 
mill  dam  four  feet  high,  while  below  the  station  the  channel  is 
straight  for  75  feet,  when  there  is  a  sharp  bend  to  the  right.  Both 
banks  are  high  and  do  not  overflow.  The  bed  of  the  creek  is  fairly 
permanent,  and  there  is  but  one  channel  at  all  stages.  Water  runs 
over  the  dam  continuously. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  the  initial  point  for  soundings  being  the  downstream 
side  of  the  top  edge  of  the  bridge  seat  of  the  left  abutment. 

A  standard  chain  gage  is  bolted  to  the  bottom  chord  eyebar  in 
the  fourth  panel  from  the  right  abutment,  downstream  side.  The 
length  of  chain  from  the  bottom  of  weight  to  the  marker  is  15.06 
feet.  The  elevation  of  zero  is  arbitrary  datum.  Bench  Mark  No. 
1  is  top  of  bridge  seat,  right  abutment,  outer  downstream  corner; 
elevation  13.62  feet  above  zero  of  gage.  The  gage  is  read  twice  daily 
by  B.  G.  Lambert. 

This  stream  has  a  remarkably  high  dry  weather  flow,  on  account 
of  tlie  limestone  springs  on  its  watershed. 

Since  the  establishment  of  this  station  23  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission. 
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DISCHARGE    MBASURKMB^JTS    OF   YELLOW   BREECHES    CREEK,    AT 
OLMSTEDS  MILL,  CUMBERI^ND  COUNTY,  PA. 

(Drainage  area  223  8qiiare  miles.) 


• 

a 
S 

8 

city. 

• 

No. 

Date. 

Hydrograpber. 

CD 

1 

> 
a 

1 
§ 

1 

Ft. 

1 

1 

• 

fCft.    1 

Sq.  ft. 

per 

Feet. 

Sec.  ft. 

1912. 

BVCa 

23  1  Dec.    16, 

Boehrioger  &  Reck- 

124 

381 

o.ei 

0.90 

144 

0.0  measurement. 

ord. 

1 

DISCHARGE  TABLE  FOR  YELLOW  BREECHES  CREEK,  AT  OLMSTEDS 
MILL,  CUMBlSttl^ND  COUNTY,  FROM  JANUARY  1,  1912. 


• 

• 

• 

■M 

4^ 

"M 

•M 

«« 

ja 

.o 

A 

JS 

x» 

1 

1 

v4 

1 

Si. 

s 

J5 

§ 

1 

1 

1 

1 

1 

O 

Q 

o 

Q 

o 

Q 

O 

Q 

O 

Q 

Feet. 

Sec.-ft. 

Feet. 

8ec.-ft. 

Feet. 

Bec.-ft 

Feet. 

Sec.-ft, 

Feet. 

Sec  -ft. 

0.50 

180 

.10 

555 

.70 

180  > 

.80 

2266 

.90 

8650 

.60 

185 

.20 

59S 

.80 

1860 

.40 

2386 

7.00 

8750 

.70 

146 

.80 

640 

.90 

1416 

.60 

2406 

.10 

8%0 

.80 

155 

.40 

685 

4.00 

1470 

.60 

24SO 

.20 

8860 

.90 

170 

.50 

730 

.10 

152:3 

.70 

2660 

.80 

40v; 

1.00 

186 

.60 

775 

.20 

1580 

.80 

2640 

.40 

4160 

.10 

206 

.70 

820 

.80 

1685 

.90 

2726 

.50 

4Z79 

.20 

230 

.80 

865 

.40' 

1686 

6.00 

2816 

.60 

48»0 

.80 

255 

.90 

910 

.50 

1756 

.10 

2906 

.70 

449r> 

.40 

285 

8.00 

955 

.60 

1815 

.20 

2995 

.80 

1           4610 

.60 

820 

.10 

IOCS 

.70 

1875 

.80 

8085 

.90 

'           4710 

.60 

866 

.20 

1066 

.80 

1935 

.40 

8175 

8.00 

4860 

.70 

895 

.80 

1106 

.90 

1995 

.60 

8270 

.80 

485 

.40 

1155 

5.00 

2060 

.60 

8366 

.90 

475 

.60 

120R 

.10 

2125 

.70 

8460 

2.00 

516 

.60 

1256 

.20 

2195 

.80 

8566 

Note.— This  rating  table  is  only   applicable  Bnbseqoent  to  Jan.   1,    1912,   and  ia   twaed  on  two 
discharge  measorements  made  during  1912,  together  with  former  curve. 
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ESTIMATED  MONTHf.Y  DISCHARGE  OF  YELLOW  BREECHES  CREEK, 
AT  OLMSTEDS  MILL,  CUMBERLAND  COUNTY,  PA. 

(Drainage  area  223  square  miles.) 


MONTH. 


1912. 

Janaary,    

February,    

Marcb 

April,    

May 

June,    

July 

AufiTUSt,     

September 

October 

November 

December 

The  year,    


Dlscbarige  in  Second-feet. 


Maximum. 

Minimum. 

S48 

189 

2550 

170 

8560 

255 

946 

320 

910 

205 

535 

170 

499 

160 

980 

151 

842 

145 

193 

149 

435 

158 

4S8 

156 

3560 

145 

Mean. 


289 
834 
628 
458 
899 

srrs 

248 
261 
226 
164 
223 
214 


306 


Run-off. 


Second-feet 

per  square 

mile. 


1.368 


Depth  in 
inobe». 


1.072 

1.236 

1.496 

1.616 

2.794 

8.221 

2.064 

2.291 

1.789 

2.06S 

1.224 

1.36 

1.112 

1.282 

1.170 

1.349 

1.013 

1.130 

0.735 

0.848 

1.000 

1.116 

0.960 

I.IW 

18.624 


BIG  SWATARA  CREEK. 


DESCRIPTION  OF  BASIN. 

Big  Swatara  creek,  a  tributary  of  the  Susquehanna  river  from 
Schuylkill,  Berks,  Lebanon  and  Dauphin  counties,  drains  an  ap- 
proximate area  of  505  square  miles.  Kising  in  the  hills  in  the  south- 
western part  of  Schuylkill  county,  this  stream  flows  in  a  general 
southwesterly  direction  through  a  broad,  rolling,  farming  country, 
well  inhabited  and  largely  deforested,  to  its  mouth  at  Middletown, 
Dauphin  county,  a  distance  of  about  65  miles.  On  the  headwaters 
in  Schuylkill  county  lie  numerous  anthracite  coal  mines,  the  culm 
from  which  pollutes  the  entire  stream.  There  are  numerous  tribu- 
taries, the  principal  being  Little  Swatara  and  Quittapahilla  creeks. 
The  sub-basins  of  some  of  the  tributaries  are  underlain  with  lime- 
stone and  numerous  strong  springs  contribute  to  its  flow.  The  slope 
is  flat  and  the  flow  sluggish  in  the  lower  portion.  The  city  of  Leb- 
anon and  numerous  large  boroughs  and  villages  lie  on  the  water- 
shed. The  main  stream  and  its  branches  are  used  to  some  extent 
for  domestic  and  industrial  supply,  while  numerous  mill  and  power 
dams  cause  slack  water  for  long  stretches. 

The  upper  part  of  the  watershed  is  subject  to  a  mean  annual  pre- 
cipitation of  from  40  to  50  inches  and  the  lower  portion  from  40  to 
45  inches. 

The  discharge  has  been  measured  at  Jonestown,  just  above  the 
mouth  of  Little  Swatara  creek,  since  November  19,  1910. 


mi 

SUSQUEHANNA  BASIN-STATION  NO.  24 


BIG  SWATARA  CREEK  AT  JONESTOWN. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission 
of  Pennsylvania,  in  co-operation  with  the  Lebanon  Valley  Consoli- 
dated Water  Supply  Company,  on  November  19th,  1910,  at  a  two 
span,  steel,  through  truss,  highway  bridge,  between  Jonestown 
proper  and  the  Philadelphia  and  Reading  Railway  Station. 

For  150  feet  above  and  200  feet  below  the  station,  the  channel  is 
straight,  with  a  rift  above  and  pool  below.  Both  banks  are  low, 
but  the  water  passes  under  the  bridge  at  all  stages.  The  bed  is  com- 
posed of  gravel,  sand  and  culm.  At  low  stages  the  velocity  under 
the  bridge  is  slight. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  or  by  wading  during  low  water.  The  initial  point  for 
soundings  is  right  face  of  first  hand-rail  post  on  left  side  of  bridge. 
The  stations  are  painted  on  the  downstream  truss. 

A  chain  gage,  with  removable  weight  and  chain,  is  attached  to  the 
floor  on  the  downstream  side  of  the  bridge.  The  length  of  chain 
from  bottom  of  weight  to  marker  is  23.02  feet.  The  elevation  of 
zero  is  arbitrary  datum.  Bench  Mark  No.  1  is  niche  cut  in  top  of 
corner  stone  on  16th  tier  from  top  of  left  abutment,  downstream 
face;  elevation,  8.49  feet  above  gage  datum.  The  gage  is  read  twice 
daily  by  the  watchman  at  the  filter  plant  of  the  Lebanon  Valley 
Consolidated  Water  Supply  Company. 

There  is  a  mill  dam  about  six  miles  above  which  stores  water  at 
night. 

Little  Swatara  creek  joins  the  main  stream  about  one  mile  be- 
low  the  gaging  station. 

Since  the  establishment  of  this  station  19  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
1 1  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  BIG  SWATARA  CREEK,  AT  JONES- 
TOWN, LEBANON  COUNTY,  PA. 

(Drainage  area  190  square  miles.) 


No. 


17 


18 
19 


Pate. 


1912. 
Dec.    10, 

191S. 
Mar.    27, 
Mar.    27, 


Hjdrograpber. 


Reckord, 

Hinkley, 
Hinkley. 


n 


• 

o 

o 

4^ 

b 

• 
■M 

ah 

c» 

^ 

•1 

ss 

o 

> 

V 

d 

t 

g 

a 
t 

1 

■g 

BO 

^ 

S 

C5 

Remarks. 


Feet.      Rq.  ft. 


179 


226 
226 


Ft. 

ft. 

per 
sec. 

Feet. 

Sec.  ft. 

315 

1.22 

8.94 

383 

1860 

4.43 

11.31 

8289 

18S8 

4.59 

11.47 

8672 

Surface    measuremeDt. 


Surface    measorement. 
Surface    measarement. 


DISCHARGE   TABLE    FOR    BIG    SWATARA    CREEK,    AT   JONESTOWN, 

LEBANON  COUNTY,  FROM  JANUARY  1,  1912. 


• 

1 

• 

■M 

*j 

■«-• 

■«-• 

•*.< 

JS 

Si 

d 

.c 

J3 

39 

g 

h 

.a 

^ 

i 

1 

• 

et 

vt 

s8 

a 
1 

J5 

CS 

1 

■3 

.2 

XI 

.3 

.a 

1 

1 

O 

Q 

O 

Q 

O 

Q 

O 

Q 

o 

Q 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

3.00 

10 

.30 

665 

.60 

1660 

.90 

8114 

.20 

1           4«74 

.10 

80 

.40 

630 

.70 

1770 

7.00 

3L'30 

.80 

4796 

.20 

60 

.50 

695 

.80 

1880 

.10 

8350 

.40 

4918 

.80 

90 

.60 

765 

.90 

1990 

.20 

3470 

.60 

5040 

.40 

125 

.70 

840 

6.00 

2100 

.30 

3590 

.60 

5162 

.50 

160 

.80 

915 

.10 

2210 

.40 

3710 

.70 

5284 

.60 

200 

.90 

995 

.20 

2320 

.50 

8830 

.80 

6406 

.70 

245 

6.00 

1080 

.80 

2430 

.60 

39  jO 

.90 

5528 

.80 

290 

.10 

1170 

.40 

2540 

.70 

4070 

9.00 

5650 

.90 

835 

.20 

1260 

.50 

2650 

.80 

4190 

4.00 

885 

.30 

1360 

.60 

2766 

.90 

4310 

.10 

440 

.40 

1460 

.70 

2882 

8.00 

4430 

.20 

600 

.50 

1560 

.80 

2998 

.10 

4552 

Note.— This  rating  table  is  only  applicable  subsequent  to  Jan.  1,  1912,  and  Is  based  on  two 
blgb  water  discharge  irrnsurements  made  during  1918,  together  with  former  curve;  the  change 
having  affected  forn^-      fables  above  7  ft. 
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ESTIMATED   MONTHLY    DISCHARGE   OF   BIG    SWATARA   CREEK,    AT 

JONESTOWN,  LEBANON  COUNTY. 

(Drainage  area  190  square  miles.) 


MONTH. 


1912. 

January 

Ff'bruary 

March 

April,    , 

May 

June,     

July.    

August,    

September,     , 

Ortober,     

Nc  vember , 

December,    

The  year 


Discharge  in  Second-feet. 


Maximum. 


S190 

7180 

2200 

931 

390 

669 

429 

3080 

610 

1160 

1680 


Minimum. 


214 

840 

1&6 

&4 

16 

83 

21 

100 

146 

156 


Mean. 


164 
885 
1060 
735 
459 
122 
117 
86 
263 
289 
296 
415 


862 


Ban-off. 


Second-feet 

per  square 

mile. 


0.868 
2026 
5.579 
8.868 
2.416 
0.642 
0.616 
0.453 
1.3S4 
1.268 
1.558 
2.184 


1.904 


Depth  in 
inches. 


0.996 
i.VSi 
6.4S2 
4.316 
2.783 

o.n6 

O.710 
0.522 
1.544 
1.4SL 
I.TtS 
2.618 

25.912 


Note.— Stream  frozen  Jan.   6-Feb.   20,    incl.,    daily  discharge  estimated  from  Ck)nodoguinet  Creek 
ar  Brysons  Bridge  and  Lackawanna  Biver  at  Bcranton. 


POTOMAC  BASIN 
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WEST  BRANCH  OF  LITTLE  ANTIETAM  CREEK. 


DESCRIPTION  OF  BASIN. 

The  West  Branch  of  Little  Antietam  creek  rises  in  many  springs 
and  mountain  streams  in  Quincy  townshij),  Franklin  count^%  and 
flows  in  a  general  southerly  direction  to  its  junction  with  the  East 
Branch,  about  onehalf  mile  below  the  State  Line  in  Maryland.  Its 
drainage  area  in  Pennsylvania  is  44  square  miles,  while  its  total 
length  is  approximately  12  miles.  Its  course  is  through  an  agricul- 
tural region,  the  hills  bordering  tlie  valley  being  heavily  timbered. 
There  are  but  few  tributartes;  those  entering  from  the  west  drain- 
ing a  limestone  area.  In  its  watershed  are  many  small  towns  and 
villages,  the  largest  of  which  is  Waynesboro,  which  receives  part  of 
its  domestic  water  supply  from  the  creek. 

The  mean  annual  precipitation  over  this  watershed  is  from  35  to 
40  inches. 

The  discharge  of  this  stream  has  been  measureil  over  a  concrete 
weir  since  May  1st,  1909,  at  Mont  Alto,  by  the  Pennsylvania  State 
Forestry  Academy,  about  2  miles  below  its  source. 


POTOMAC    BASIN— STATION   NO.    1. 


WEST  BRANCH  OF  LITTLE  ANTIETAM  CREEK  AT  MONT 

ALTO,  PA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Pennsylvania  State  Forestry 
Academy  on  May  1st,  1909,  and  consists  of  a  concrete  weir  located 
about  one  mile  above  the  Academy  Buildings,  on  State  land.  This 
weir  is  of  the  sharp  crested  type  with  end  contractions,  being  5.98 
feet  wide  across  the  crest  at  the  bottom  and  6.05  feet  wide  at  the  top. 
The  sides  are  1.64  feet  high  and  the  crest  is  not  level,  the  west  end 
being  0.01  of  a  foot  lower  than  the  right.  The  hook  gage  is  placed 
about  three  feet  up  stream  from  the  right  end  and  is  read  to  thou- 
sandths. Floods  overflow  the  weir  but  once  or  twice  yearly,  the  or- 
dinary high  water  being  about  1.5  feet  over  the  crest.  To  all  appear- 
ances there  is  no  leakage  through  the  concrete  or  under  it. 

The  weir  is  read  on  an  average  of  twice  daily  by  the  Forestry  Aca- 
demy students,  except  during  vacation   periods. 
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Water  is  pumped  from  the  stream  above  the  weir  by  the  system 
which  supplies  the  State  Health  Department,  Mont  Alto  Sanitarium, 
and  is  also  lead  by  a  6inch  pipe  from  a  point  a  short  distance  above 
the  weir  to  the  Academy  buildings.  No  records  are  obtainable  of 
the  amount  thus  used  by  the  latter  supply,  but  the  supply  pumped 
to  the  Sanitarium  averaged  31,100  gallons  per  day,  during  the  year 
1912,  or  at  the  rate  of  0.048  cubic  feet  per  second. 

The  data  prior  to  1912  will  be  found  in  the  1910-11  Report  of  the 
Water  Supply  Commission. 


DISCHARGE  TABIiE  FOR  WEST  BRANCH  LITTLE  ANTIETAM  CREEK, 
AT  MONT  ALTO,  B^RANKLIN  COUNTY,  FROM  MAY  1,  1909. 
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ESTIMATED  MONTHLST  DISCHARGE  OF  WEST  BRANCH  LITTLE  ANTIE- 
TAM  CREEK,  AT  MONT  ALTO,  FRANKLIN  COUNTY,  PA. 

(Drainage  area  S.5  square  miles.) 


MONTH. 


January,    . 
February, 
March,    . . . 
April,    .... 

May,     

June,     .... 

July 

September, 
October,  . 
November, 


1912. 


DlschaiiKe  In  Second-feet. 


Maximum. 

Minimum. 

Mean. 

6.70 

2.76 

4.37 

16.16 

2.02 

4.39 

t4g.0O 

5.14 

13.89 

IB.  11 

6.62 

8.14 

10.87 

4.78 

6.81 

6.10 

2.09 

8.01 

5.06 

1.51 

1.97 

•  12.32 

.5S 

1.67 

1.6S 

'     1.00 

1.32 

5.80 

.72 

1.45 

Run-off. 


Second-feet 

per  square 

mile. 


1.249 

1.254 

8.826 

2.326 

1.946 

.860 

.563 

.477 

.877 

.414 


Depth  in 
inches. 


1.848 

1.852 

4.411 

2.595 

2.244 

.960 

.649 

.615 

.485 

.462 


tWater  flowing  oyer  top  of  dam,   discharge  estimated. 
Note.— The  mean  for  January  and  September  Is  for  29  days. 


MONOCACY  RIVER, 


DESCRIPTION   OF   BASIN. 

The  Monocacy  river,  one  of  the  largest  tributaries  of  the  Potomac 
river,  rises  in  Adams  county,  Pennsylvania,  in  two  branches ;  namely. 
Rock  and  Marsh  creeks.  Rock  creek  rises  in  the  central  part  of 
Adams  county,  in  Strabane  Township,  and  flows  in  a  southerly  direc- 
tion into  Maryland.  Marsh  creek  rises  in  the  western  part  of  Adams 
county,  in  Franklin  township,  and  flows  southeasterly  to  its  con- 
fluence with  Rock  creek,  about  one-quaiter  mile  below  the  state 
line,  thus  forming  tlie  Monocacy  river.  Several  tributaries  joining 
the  Monocacy  river,  in  Maryland,  drain  portions  of  southwestern 
and  southeastern  Adams  county,  Pennsylvania;  namely,  AUeway, 
Piney  and  Middle  creeks.  The  total  drainage  area  of  the  Monocacy 
river  is  approximately  940  square  miles,  of  which  231  lie  in  Penn- 
sylvania. Its  length,  below  the  confluence  of  Rock  and  Marsh  creeks, 
is  about  55  miles.  The  river  throughout  the  greater  portion  of 
its  course  flows  through  a  rolling,  limestone  country  of  highly  cul- 
tivated farms  and  is  polluted  by  washings  from  tanneries  and  mills 
along  its  banks  and  its  tributaries.  The  largest  towns  in  its  water- 
shed are  Gettysburg,  Pennsylvania,  and  Frederick,  Md.,  the  former 
of  which  obtains  part  of  its  domestic  water  supply  from  Marsh 
creek,  while  the  latter  receives  its  domestic  water  supply  from  the 
parent  stream.  There  are  numerous  small  mills  on  its  tributaries 
which  are  operated  by  water  power. 
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The  mean  annual  precipitation  over  this  watershed,  in  Pennsyl- 
vania, is  from  40  to  45  inches. 

The  discharge  of  this  stream  has  been  measured  at  Frederick, 
Md.,  since  August  4th,  1896. 


POTOMAC  BASIN— STATION  NO.  2. 


MONOCACY  RIVER  AT  FREDERICK,  MARYLAND. 


DESCRIPTION    OF    STATION. 

This  station  was  established  on  August  4th,  1896,  by  the  United 
States  Geological  Survey  and  is  being  maintained  through  co-opera- 
tion with  the  Maryland  State  Weather  Bureau.  It  is  located  at 
the  county  iron  bridge  on  the  turnpike  four  miles  northeast  of 
Frederick,  on  the  road  leading  from  Frederick  to  Mt.  Pleasant,  Md. 

The  channel  is  straight  for  300  feet  above  and  100  feet  below  the 
bridge.  Both  banks  are  low  and  liable  to  overflow,  but  all  water 
passes  beneath  the  bridge.  The  bed  is  composed  of  gravel  and  cobble 
stones,  except  near  the  bank,  where  it  is  composed  of  silt  and  is 
subject  to  change. 

Discharge  measurements  are  made  from  the  two  span  highway 
bridge.  The  channel  at  this  point  is  divided  by  a  small,  low  island, 
which  serves  as  a  foundation  for  the  pier  of  the  bridge.  The  right 
channel  is  measured  from  the  lowe?  and  the  left  channel  fom  the 
upper  side  of  the  bridge.  The  pier  and  island  obstruct  the  flow  to 
some  extent,  causing  dead  water  for  20  feet  to  the  right  of  the  pier 
at  low  water  and  eddies  at  high  water.  The  initial  point  for  sound- 
ings is  a  cross  cut  in  the  face  of  the  parapet  wall  on  the  lower 
wing  of  the  right  abutment. 

^  From  August  4th,  1896  to  September  3rd,  1902,  readings  were 
taken  on  a  wire  gage  which  was  attached  to  the  floor  timbers  on  the 
lower  side  of  the  bridge,  the  pulley  being  115  feet  from  an  initial 
point  established  for  making  soundings,  and  the  length  of  wire 
given  to  be  35.20  feet.  On  September  3rd,  1902,  the  wire  gage  was 
replaced  by  a  standard  chain  gage,  which  is  located  in  the  middle 
of  the  first  span  from  the  right  bank  and  is  attached  to  the  bridge 
floor  on  the  lower  side  of  the  bridge.  The  length  of  chain  from  the 
bottom  of  the  weight  to  the  marker  was  35.20  feet  but  was  sub- 
sequently changed  to  35.04  feet.    The  bench  mark  is  a  hole  drilled 
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in  the  top  of  a  coping  stone  on  the  lower  wing  of  the  right  abutment, 
about  100  feet  back  from  the  initial  point  for  soundings.  Its  eleva- 
tion is  20.17  feet  above  gage  datum.  The  gage  is  read  twice  daily 
by  E.  L.  Derr. 

The  discharge  is  liable  to  be  affected  by  ice  conditions,  more  or 
less,  during  the  winter  months.  Israel  creek  enters  the  river  about 
2,000  feet  below  the  station  and  Tuscarora  creek  about  3,000  feet 
above.  All  data  i)rior  to  January  1st,  1903,  when  the  wire  gage  was 
in  operation,  have  been  revised. 

Owing  to  the  change  in  channel  conditions  at  this  station,  it  has 
been  necessary  to  use  several  rating  tables. 

Since  the  establishment  of  this  station,  39  discharge  measure- 
ments have  been  made. 

The  following  data  have  been  furnished  by  the  United  States  Geo- 
logical Survey.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
report  of  the  Water  Supply  Commission. 
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DISGHAUGE  MEASUREMENTS  OF  MONOCAGY  RIVER,  AT  FREDBRIGK 

MARYLAND. 

(Drainage  area  669  square  milea,) 


No. 


J7 
88 
89 


Date. 


mz. 

Aug.  14, 
Aug.  28, 
Aug.    28, 


Hydrographer. 


Padffett 
elder. 
Stevena, 

Stevens, 


ft     Batch- 


§ 

fi 

• 

s 

1 

♦* 

m 

^ 

► 

•a 

g 

1 

a 

1 

s 

Remarks. 


Feet.     Sq.  ft. 
182  I  175 

76  1  68 


84 


59 


Ft. 

per 

Feet. 

Sec.  ft. 

see. 

0.95 

8.99 

166 

1.20 

8.67 

76 

1.29 

8.67 

76 

0.6  metbod. 

Wading     mamt.     above 

bridge. 
Wading     msmt.    below 

bridge. 


DISGHARGE  TABLE  FOR  MONOGAOY  RIVER,   AT  FREDERICK,    MD., 

FROM  JANUARY  1,  1912. 


• 

• 

** 

*s 

4J 

• 

A 

n 

ja 

ja 

ja 

belg 

• 

a 

1 

at 

• 

f 

A 

'S 

1 

§ 

§ 

1 

§ 

1 

J3 
5 

o 

Q 

o 

P 

O 

Q 

O 

O 

Q 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet 

Sec. -ft. 

Feet. 

8ec.-fL 

8.40 

82 

.40 

784 

.40 

2190 

.40 

4060 

.40 

6010 

.50 

46 

.60 

790 

.60 

2280 

.60 

4155 

.60 

6110 

.60 

62 

.60 

846 

.60 

2870 

.60 

42S0 

.60 

6?10 

.70 

82 

.70 

904 

.70 

2460 

.70 

4846 

.70 

6S10 

.80 

104 

.80 

964 

.80 

1£60 

.80 

4440 

.80 

6410 

.90 

180 

.90 

1026 

.90 

2640 

.90 

4635 

.90 

6610 

4.00 

158 

6.00 

1090 

8.00 

2780 

10.00 

4680 

12.00 

6^10 

.10 

188 

.10 

1155 

.10 

2825 

.10 

4726 

.10 

6710 

.20 

218 

.20 

1225 

.20 

2920 

.20 

•  4820 

.20 

6S10 

.80 

250 

.80 

1295 

.80 

8015 

.80 

4916 

.80 

6915 

.40 

284 

.40 

1865 

.40 

8110 

.40 

5010 

.40 

7020 

.50 

820 

.50 

1440 

.60 

8206 

.60 

euo 

.60 

7126 

.60 

868 

.60 

1520 

.60 

8800 

.60 

6210 

.60 

7280 

.70 

898 

.70 

1600 

.70 

8395 

.70 

5810 

.70 

7885 

.80 

440 

.80 

1680 

.80 

8490 

.80 

6410 

.80 

7440 

.90 

484 

.90 

1766 

.90 

8686 

.90 

5610 

.90 

7545 

5.0O 

690 

7.00 

1860 

9.00 

8680 

U.OO 

6610 

18.00 

76S0 

.10 

678 

.10 

1986 

.10 

8775 

.10 

6no 

.20 

628 

.20 

2020 

.20 

8870 

.80 

5810 

.80 

680 

.80 

2106 

.80 

8965 

.80 

5910 

' 

Note.— Tbis   table  Is  only  applicable  subsoquent  to  Jan.   1,   1912,   and  is  based  on  8  low  water 
discharge  measurements  made  during  1913,    together  with  former  Carre. 
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ESTIMATED     MONTHLY     DISCHARGE     OF     MONOCACY     RIVER,     AT 

FREDERICK,   MD. 

(Drainage  area  660  square  miles.) 


MONTH. 


.     1912. 

January 

February,     

March,     

April 

May 

June,      

July 

August,     

September,     

October,     

November , 

December,     

The  year,    


Discharge  In  Second-feet. 


Maximum. 

Minimum. 

Mean. 

4160 

790 

1010 

U40O 

628 

2280 

14400 

790 

4070 

3200 

790 

1510 

2280 

440 

924 

2460 

320 

508 

8300 

2&0 

661 

8780 

2S0 

B77 

17800 

158 

1650 

1300 

284 

454 

2280 

284 

451 

9750 

250 

1060 

178Q0 

168 

1250 

Bun-off. 


Second-feet 

per  square 

mile. 


1.53 
8.88 
6.17 
2.29 
1.40 

.770 
l.OO 

.874 
2.85 

.688 

.688 
1.61 

1.89 


Depth  In 
inches. 


1.76 
8.64 

7.U 

2.56 

1.61 

.86 

1.15 

l.Ol 

2.62 

.79 

.76 

1.S6 


25.73 


Note.— Jan.  7  to  27,   and  Feb.   6  to  17,   incl.,    river  frozen.     Discharge  estimated. 
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ALLEGHENY  RIVER. 


DESCRIPTION   OF   BASIN. 

The  Allegheny  river,  the  largest  tributary  of  the  Ohio  river  in 
Pennsylvania,  draining  11,160  square  miles  in  Pennsylvania  and 
New  York,  rises  in  the  hilly  plateau  on  the  west  slope  of  the  Alle- 
gheny mountains  in  northwestern  Pennsylvania,  at  an  elevation  of 
about  2,250  feet  above  sea  level.  Its  tributaries  drain  the  west  slope 
of  these  mountains  from  Somerset  county,  near  the  southern  bound- 
ary, through  the  Conemaugh  river,  to  the  extreme  northern  boundary, 
and  westward  nearly  to  the  Ohio  line  through  Oil  and  French  creeks. 

Its  actual  source  is  in  Potter  county,  in  about  the  center  of  the 
northern  border  of  the  State,  whence  it  flows  northwesterly  for 
about  80  miles  into  New  York,  thence  about  120  miles  southwest- 
erly into  Pennsylvania  again,  47  miles  being  in  New  York.  From 
this  point  it  is  110  miles  to  the  mouth,  its  junction  with  the  Monon- 
gahela  river  at  Pittsburgh,  where  the  Ohio  river  is  formed;  the  total 
length  of  the  river  being  310  miles. 

In  Potter  and  McKean  counties  the  river  and  its  tributaries  are 
small  mountain  streams,  in  well  wooded,  steep  valleys,  and  a  sparsely 
inhabited  region.  In  New  York  the  main  valley  is  wide  and  flat, 
the  slope  slight  and  the  land  under  a  high  state  of  cultivation,  and 
thickly  populated.  Coming  back  into  Pennsylvania  the  hills  con- 
verge, the  valley  narrowing  and  the  slope  is  steeper.  The  population 
again  becomes  scattered,  the  tributary  valleys  well  wooded,  and  the 
bordering  hills  are  high  and  timbered.  The  larger  tributaries,  how- 
ever, contain  large  areas  of  cleared,  cultivated  land,  notably  those 
from  the  west. 

The  lower  150  miles  isi  more  densely  populated,  many  railroads  and 
large  towns  and  thriving  industries  bordering  its  banks,  and  using 
its  waters.  For  25  miles  above  Pittsburgh  the  river  has  been  slack- 
watered  by  three  dams  and  the  banks  are  almost  continuously  popu- 
lated. 

For  the  upper  30  miles,  the  slope  is  27  feet  per  mile,  the  next  65 
miles,  2.4  feet  per  mile,  the  next  87  miles,  3.7  feet  per  mile,  and  the 
lower  126  miles,  2.1  feet  per  mile. 

In  the  first  115  miles  of  its  length  the  river  bed  consists  mostly 
of  fine  sand  and  gravel,  much  of  it  lying  above  the  terminal  morain ; 
from  tliis  point,  however,  the  bottom  changes  to  loose  stones  and 
boulders,  riffles  occur  frequently,  but  seldom  is  solid  rock  in  evi- 
dence. 
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The  largest  tributary,  the  Kiskiminetas  river,  draining  1,892  square 
miles,  comes  in  25  miles  above  the  junction  of  the  Monongahela  and 
Allegheny  rivers,  no  streams  of  importance  joining  it  between.  From 
that  point  up  many  large  tributaries  come  in,  mostly  from  the  east, 
as  follows:  Crooked,  Mahoning  and  Red  Bank  creeks,  Clarion  river, 
French,  Oil,  Tionesta,  Brokenstraw,  Conewango  and  Kinzua  creeks, 
several  of  which  drain  over  1,000  square  miles.  Those  from  the  west, 
French,  Oil,  Brokenstraw  and  Conewango  drain  the  glaciated  area, 
containing  rounded  gravel  hills  and  numerous  lakes  and  swamps, 
little  timber  and  their  watersheds  are  quite  generally  cultivated. 
Those  from  the  east  diain  a  mountainous,  timbered  and  less  inhabited 
and  cultivated  countrv. 

The  drainage  basin  is  about  124  miles  in  extreme  width  and  175 
miles  in  length,  much  narrower  at  its  southern  point,  and  its  great- 
est width  is  at  the  Pennsvlvania-New  York  State  line. 

The  basin  embraces  widely  varying  topographic  conditions,  rang- 
ing from  high,  rough  mountainous  country  along  the  east  boundary, 
to  broad,  terraced  valleys  with  wide  bottom  lauds  in  New  York  State. 
In  it  are  included  the  oil  and  gas  producing  regions,  vast  bituminous 
coal  fields,  much  of  the  remaining  merchantable,  timber  and  many 
other  valuable  natural  resources. 

Most  of  this  basin  lies  in  the  zone  of  40  to  45  inch  rainfall,  while 
a  small  portion  along  the  southwestern  part  is  subject  to  45  to  50 
inch  rainfall,  and  another  small  section  near  the  mouth  to  from  35 
to  40  inches. 

The  flow  is  measured  at  Kittanning,  48  miles  above  Pittsburgh, 
and  at  Red  House,  New  York,  since  August  18,  1904,  and  September 
4,  1903,  respectively. 


OHIO  BASIN-STATION  NO.  1. 


ALLEGHENY  RIVER  AT  RED  HOUSE,  NEW  YORK. 


DESCRIPTION    OF    STATION. 

This  station  was  established  by  the  United  States  Geological  Sur- 
vey on  September  4th,  1903,  on  the  Red  House  bridge,  near  the  sta- 
tion of  the  Erie  and  Pennsylvania  railroads  and  about  five  miles  be- 
low Salamanca,  N.  Y.,  about  13  miles  above  the  point  where  the  river 
leaves  New  York  State.  It  is  maintained  by  the  United  States  Geo- 
logical Survey  in  co-operation  with  the  New  York  State  Engineer. 
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The  channel  is  straight  for  800  feet  above  and  below  the  station,  it 
being  494  feet  wide  between  abutments,  broken  by  two  piers.  The 
right  bank  is  high  and  does  not  overflew,  while  the  left  bank  over- 
flows only  at  flood  stages.  At  extreme  high  water  there  is  an  addi- 
tional flood  channel  on  the  left  bank.  The  bed  is  of  gravel  and  is 
regular,  and  the  current  velocity  is  well  distributed. 

Discharge  measurements  are  made  from  the  downstr.eam  side  of 
the  bridge,  the  initial  point  for  soundings  being  the  left  end  of  the 
downstream  side  of  the  bridge. 

A  standard  chain  gage  is  fastened  to  the  upstream  side  of  the 
bridge  in  the  middle  of  the  left  span.  The  length  of  chain  from  the 
bottom  of  the  weight  to  the  marker  is  24.16  feet.  The  bench  mark 
is  a  circle  cut  on  the  downstream  side  of  the  left  abutment ;  elevation 
21.09  feet  above  the  datum  of  the  gage.  The  gage  is  read  twice  each 
day  by  O.  A.  Gates. 

At  Olean,  N.  Y.,  the  wasteway  from  the  Cuba  reservoir  enters 
the  stream  through  Olean  creek.  This  reservoir  is  located  on  the 
divide  between  Oil  creek,  tributary  to  Allegheny  river,  and  Genessee 
river.  The  storage  is  commonly  turned  into  Genessee  river  through 
the  abandoned  summit  level  of  Genessee  Valley  Canal,  but  may 
be  diverted  into  Oil  creek  through  the  guard  locks  at  the  head  of 
the  canal.  Moderate  ice  conditions  usually  prevail  during  the  winter 
months. 

The  following  data  have  been  furnished  by  the  United  States  Geo- 
logical Survey.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
report  of  the  Water  Supply  Commission. 
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DISCELA.RGE     MEASUURMENTS     OF     ALLEGHENY     RIVER,     AT     RED 

HOUSE,  NEW  YORK. 

(Drainage  area  1,6^0  square  mUes.) 


No. 


Date. 


1912. 

28 

Feb. 

15. 

29 

Jal7 

15. 

80 

Dec. 

6. 

81 

Dec. 

6, 

Hydrograpber. 


•o 


DeGolyer, 

Weber,  .. 
DeGolyer, 
DeGolyer, 


• 

Q 

• 

1 

■3 

• 

1 

1 

»► 

1 

1 

t 

1 

1 

3 

< 

a 

O 

Q 

Remarks. 


Feet.     Sq.  ft. 


875 


327 
3'.1 
351 


806 


1(M0 
1970 
1990 


Ft. 
per 
sec. 
0.68 


0.52 
3.88 
3.61 


Feet. 

4.S7 


8.80 

6.67 
6.72 


Sec.  ft. 
600 


542 
6670 
7190 


Msmt.  nnder  complete 
ice  cover  0.2  and  0-8 
method. 

0.2    and    0.8    method. 

0.2    and    0.8    method. 

0.2    and    0.8    method. 


DISCHARGE  TABLE  FOR  ALLEGHENY  RIVER,  AT  RED  HOUSE,  NEW 

YORK,  FOR  1912. 


• 

• 

*i 

*i 

4^ 

4i 

A 

ua 

A 

A 

43 

1 
§ 

1 

5 

5 

1 

! 
1 

• 

J3 

1 
1 

■a 

1 

.9 

o 

Q 

o 

Q 

o 

Q 

o 

Q 

o 

Q 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

2.40 

41 

.50 

200O 

.60 

6780 

.70 

14550 

.80 

25100 

.50 

70 

.60 

2160 

.70 

7080 

.80 

16000 

.90 

25650 

.60 

106 

.70 

2820 

.80 

7390 

.90 

154.'-.0 

11.00 

26300 

.70 

150 

.80 

2490 

.90 

7720 

9.00 

15900 

.10 

267.50 

.80 

200 

.90 

2CT0 

7.00 

8050 

.10 

16850 

.20 

27800 

.90 

256 

5.00 

2860 

.10 

8400 

.20 

16S0O 

.80 

27S50 

3.00 

818 

.10 

8060 

.20 

87r>0 

.30 

17300 

.40 

28400 

.10 

886 

.20 

8260 

.30 

9100 

.40 

17800 

.50 

2S950 

.20 

460 

.80 

3470 

.40 

9430 

.50 

58300 

.60 

29500 

.30 

540 

.40 

8690 

.50 

9800 

.60 

1880O 

.70 

300r)0 

.40 

626 

.50 

8910 

.60 

10150 

.70 

19300 

.80 

30600 

.50 

722 

.60 

4140 

.70 

10600 

.80 

19800 

.90 

81200 

.60 

82S 

.70 

4370 

.80 

10850 

.90 

20800 

12.00 

31800 

.70 

940 

.80 

4610 

.90 

11260 

10.00 

20800 

.10 

32400 

.80 

1060 

.90 

4850 

8.00 

11650 

.10 

21300 

.20 

830OO 

.90 

1180 

6.00 

5100 

.10 

12060 

.20 

21800 

.30 

33600 

4.00 

1305 

.10 

5360 

.20 

12450 

.30 

22350 

.40 

34200 

.10 

1435 

.20 

5680 

.80 

128.W 

.40 

2290O 

.50 

34800 

.20 

1570 

.80 

6910 

.40 

132.=iO 

.50 

234r>0 

.80 

1710 

.40 

6190 

.50 

13650 

.60 

24000 

.40 

1850 

.50 

6480 

.60 

14100 

.70 

24650 

Note.— This  table  in  only  anpHraWe  subsequent  to  .Tan.  1,   1912,   and  Is  based  on  seven  discharge 
measurements  made  during  1912-13,   and  somewhat  on  three  measurements  made  during  1908-09-10. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  ALLEGHENY  RIVER,  AT  RED 

HOUSE,  NEW  YORK. 

(Drainage  area  1,6^0  square  miles  J 


MONTH. 


1912. 


January,    . 

Februarj't 
March,    ... 

April 

Maj,    

June,      

July 

August, 
Sop  tern  be  r, 
October,     . 
November, 
December, 


The  year. 


Discharge  in  Second-feet. 


Maximum. 

Minimum. 

Mean. 

4310 

800 

1610 

800 

50O 

554 

19800 

470 

6520 

26200 

2860 

9480 

8750 

1180 

S240 

1120 

256 

497 

1000 

256 

480 

1850 

852 

765 

6780 

1180 

2520 

5630 

828 

2O70 

4850 

1180 

2550 

7720 

1300 

8020 

26200 

256 

2690 

Run-off. 


CONEWANGO  CREEK. 


Second-feet 

per  square 

Depth  in 

mile. 

inches. 

0.982 

1.180 

0.838 

0.860 

8.870 

8.880 

6.780 

6.450 

1.980 

2.280 

0.303 

0.840 

0.298 

0.840 

0.466 

0.540 

1.540 

1.720 

1.260 

1.450 

1.560 

1.730 

1.840 

2.120 

1.642 

22.840 

Note.— Jan.   4  to  March  16,    incl.,   frozen  and  dlscbarKe  estimated. 


DESCRIPTION   OF   BASIN. 

ConewaDgo  creek  is  one  of  the  largest  tributaries  of  the  Allegheny 
river,  draining  a  total  area  of  approximately  825  square  miles,  688 
of  which  lie  in  New  York  State.  Rising  in  the  western  part  of  Cal- 
laiagus  county,  N.  Y.,  it  flows  southwardly  across  the  New  York- 
Pennsylvania  State  line,  in  Warren  county,  about  10  miles  west  of 
where  the  Allegheny  river  crosses.  Its  source  and  all  of  its  basin  lie 
in  the  once  glaciated  region,  abounding  in  lakes,  ponds  and  marshes, 
the  country  being  rolling  and  largely  deforested,  under  cultivation 
and  well  inhabited.  The  valleys  are  broad  and  flat.  The  Chaut- 
auqua Lake  in  New  York,  lies  on  a  tributary  of  Cassadoga  creek,  and 
below  its  junction  the  valley  is  particularly  flat,  and  the  stream 
very  sluggish. 

The  mean  annual  precipitation  over  this  water  shed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  October,  1909,  at  Frews- 
burg,  New  York. 
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«)HIO  BASIN— STATION  NO.  2. 


CONEWANGO  CREEK  AT  FREWSBURG,  NEW  YORK. 


DES(3RIPTI0N    OF    STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania,  in  co-operation  with  the  Flood  Commission  of  Pitts- 
burgh, on  October  25th,  1909,  at  Whitman's  bridge,  one  mile  above 
Frewsburg  and  18  miles  above  the  mouth. 

The  channel  is  straight  for  75  feet  above  the  station,  when  it  makes 
a  bend  to  the  left,  while  the  channel  below  the  station  is  straight 
for  600  feet.  The  right  bank  is  wide,  low  meadow  land  and  overflows 
at  high  stages.  The  left  bank  is  a  railroad  embankment  and  does  not 
overflow.  The  bed  is  of  clay  and  gravel  and  is  somewhat  shifting. 
On  the  right  bank  a  one  hundred  foot  trestle  approach  to  the  railroad 
bridge  passes  water  around  that  end  during  floods,  while  other  flood 
waters  get  through  a  culvert,  on  the  right  bank  some  distance  from 
the  bridge,  where  it  is  measured. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  highway  bridge  and  from  the  railroad  bridge  75  feet  below  dur- 
ing extreme  floods.  The.  initial  point  for  soundings  on  the  highway 
bridge  is  center  of  hand-rail  post,  left  end  of  bridge,  looking  down- 
stream. 

A  chain  gage  is  attached  on  the  railroad  bridge  near  the  left  bank. 
The  length  of  chain  from  the  bottom  of  the  weight  to  the  center  of 
the  marker  is  22.70  feet.  The  elevation  of  zero  is  arbitrary  datum. 
Bench  Mark  No.  1  is  the  outer  downstream  corner  of  coping  stone  of 
left  abutment,  downstream  wing  wall;  elevation  19.87  feet  above  gage 
datum.    The  gage  is  read  twice  daily  by  Lester  Hobart. 

On  account  of  slack  water  from  numerous  mill  dams  there  is  no 
point  on  the  stream  nearer  the  mouth  where  a  gaging  station  is 
available. 

Since  the  establishment  of  this  station,  twelve  discharge  measure- 
ments have  been  made.  Owing  to  an  insufficient  number  of  dis- 
charge measurements,  no  rating  curve  has  been  computed,  and  only 
the  discharge  measurements  and  gage  heights  have  been  published. 
The  data  prior  to  1912  will  be  found  in  the  1910-11  report  of  the 
Water  Supply  Commission. 
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DISCHARGE   MEASUREMENTS   OF   CONEWANGO  CREEK,   AT   FREWS 

BURG,  CHAUTAUQUA  COUNTY,  N.  Y. 

(Drainage  area  690  square  miles.) 
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,  Sq.  ft. 
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Feet. 

Sec.  ft. 

191S. 
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12    Mar.   », 

Boehringer    A 
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2681 

8.28 

18.88 

8462 

Surface    measorement. 

Knight. 
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KINZUA  CREEK. 


DESCRIPTION   OF    BASIN. 

Kinzua  creek,  a  tributary  of  the  Allegheny  river  iti  Warren  county, 
drain  an  area  of  approximately  one  hundred  and  eighty  square  miles. 
Rising  in  the  center  of  McKean  county,  it  follows  a  general  westerly 
direction  through  a  rough,  sparsely  settled  area,  covered  partly  with 
second  growth  timber,  and  very  little  farming  being  carried  on  along 
its  course,  to  its  mouth  at  Kinzua,  Warren  county,  a  distance  of 
about  ^5  miles.  The  slo])e  is  steep  and  in  general  the  stream  flows 
in  a  deep,  narrow  valley  between  high  mountain  ridges.  Of  the 
many  tributaiies,  the  piincipal  one  is  the  South  Branch.  The  head- 
waters of  one  of  its  tributaries  are  used  for  a  water  supply.  The 
mean  annual  precipitation  over  this  watershed  is  from  40  to  45 
inches. 

The  discharge  has  been  measured  since  October  23,  1909,  at  Dew- 
drop,  approximately  three  miles  above  the  mouth. 


OHIO  BASIN— STATION  NO.  3. 


KINZUA  CREEK  AT  DEWDROP,  PENNA. 


DESCRIPTION    OF    STATION. 

This  station  was  established  on  October  23,  1909,  by  the  Water 
Supply  Commission  of  Pennsylvania,  in  co-operation  with  the  Flood 
Commission  of  Pittsburgh,  and  was  discontinued  November  20th, 
1911.  It  was  re-established  by  the  AVater  Supply  Commission  on 
July  22,  1912.  It  is  located  on  a  single  span,  steel,  through  truss, 
highway  bridge,  three  miles  above  the  mouth. 

The  channel  is  straight  for  300  feet  above  and  600  feet  below. 
Both  banks  overflow  at  extreme  high  stages,  low  fields  lying  on  either 
side.  The  bed  of  the  stream  is  composeil  of  rock  and  gravel  and  fairly 
permanent;  good  velocity  with  eddy  at  right  bank  during  normal 
stages. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge,  the  initial  point  for  soundings  being  top  edge  of  left 
bridge  seat,  the  stations  being  painted  on  the  downstream  handrail. 
A  chain  gage,  with  detached  box,  is  fastened  to  the  downstream  side 
of  the  bridge,  near  left  bank.    The  length  of  chain  from  bottom  of 
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weight  to  marker  is  12.99  feet.  The  elevation  of  zero  is  arbitrary 
datum.  Bench  Mark  No.  1  is  outer  downstream  corner  of  coping 
on  left  abutment,  elevation  10.95  feet  above  gage  datum.  Bench 
Mark  No.  2  is  a  square  cut  in  stone  on  top  of  downstream  end  of 
right  bridge  seat,  ielevation  10.92  feet  above  gage  datum.  The  gage 
is  lead  once  daily,  except  Sundays,  by  C.  R.  Morrison. 

Since  the  establishment  of  this  station,  16  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
report  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OF    KINZUA    GREEK,    AT    DBWDBOP, 

WARREN  CX)UNTT,  PA. 

(Drainage  area  111  square  miles, ) 
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Feet. 

Sq.  ft. 
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Feet. 

Sec.  ft 

191S. 

sec. 

15    Mar.   81. 

Boehringer 

Knlsht. 
Bo  en  ringer 

ft 

^ 

868 

2.96 

8.T7 

1001 

0.2  and  0.8  msmt. 

16    Mar.    31, 

& 

98 

868 

8.04 

8.77 

U18 

Surface   mamt. 

1 
1 

Knight. 

DISGEULRGE  TABLE  FOR  KINZUA  CREEK,   AT   DEWDROP,    WARRBN 

(30UNTT,    FROM   JULY   22,    1912. 


• 

■ 

♦» 

♦» 

** 

♦» 

'♦i' 

ja 

J3 

J3 

J3 

ua 

1 

• 

9* 

£f 

■ 

9 

» 

£f 

• 

9 

£f 

• 

tf 

s 

g 

Z 

» 

5 

» 

tf 

«: 

m 

m 

« 

fl  1 

§ 

1 

1 

"g 

§ 

.9 

§ 

U3 

O 

Q 

o 

Q 

o 

Q 

o 

Q 

Feet. 

Q 

Feet. 

Sec.-ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec.-ft 

Feet. 

Sec.-ft. 

Sec.-ft. 

0.00 

5 

.70 

210 

.40 

,            904 

.10 

2064 

.80 

8629 

.10 

9 

.80 

288 

.60 

1             968 

.20 

2169 

.90 

8724 

.80 

18 

.90 

270 

.60 

i           1014 

.30 

2264 

7.00 

8819 

.80 

IB 

3.00 

802 

.70 

,           1069 

.40 

2889 

.10 

8914 

.40 

84 

.10 

884 

.80 

1129 

.50 

2429 

.80 

4008 

.50 

80 

.20 

370 

.90 

!           1189 

.60 

2519 

.80 

41(M 

.60 

88 

.30 

406 

4.00 

1254 

.70 

8606 

.40 

4199 

.70 

46 

.40 

446 

.10 

1319 

.80 

2«B9 

.60 

4299 

.80 

66 

.60 

48S 

.20 

1884 

.90 

2789 

.60 

4899 

.90 

66 

.60 

680 

.30 

1454 

6.00 

2879 

.70 

4499 

1.00 

78 

.70 

672 

.40 

1624 

.10 

2969 

.80 

4691 

.10 

98 

.80 

618 

.60 

1599 

.20 

8068 

.90 

4714 

.20 

106 

.90 

664 

.60 

1674 

.80 

8154 

8.60 

48M 

.80 

186 

8.00 

710 

.70 

1764 

.40 

SM9 

.40 

144 

.10 

756 

.SO 

1884 

.60 

8844 

.60 

164 

.20 

804 

.90 

1914 

.60 

8489 

.60 

186 

.80 

864 

1 

6.00 

1999 

.70 

8684 

Note.— This   table   is  only   applicable  Hubsequent  to   Jan.    1,    1912,    and   Is   based  on  4  dlacharge 
measurements   made   daring  1911-1912-1913,    together   with   former   cnrre. 
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DAILY  MEAN  GAGE  HEIGHTS  AND  DISCHARGES  OF  KINZUA  GREEK 

AT  DEWDROP,  WARREN  COUNTY,  PA. 


1. 

2. 
S. 
4. 
5. 

6. 

7, 

8, 

9. 

10. 

U, 
12. 
13. 

14. 
15. 

16, 
17. 
1«. 
19. 
20. 

21. 
22, 
2S. 
24. 

». 

26. 
27, 
28. 
29. 
80, 
81. 


1912. 


DAY. 


!••••«•« 


•      ••■■«      I 


JULY. 


G.H. 


Dis. 


AUG. 






"i.w 

1.00 
1.10 

1.2a 

1.07 
1.01 

'*i!oi 

0.99 
0.99 

•••••• 

91 

78 

92 

112 

88 

79 

, 

a79 
79 

77 

77 

G.H. 


1.00 
0.98 
1.45 

•  •  •  •  • 

1.00 

0.95 
0.90 
0.90 
0.90 
0.98 


1.20 
1.00 
1.10 
0.90 

0.85 
0.80 

2.00 
1.67 

1.60 
1.50 
1.80 
1.75 


2.50 
8.80 
8.60 
8.99 
2.90 
2.50 


DlB. 


78 

76 

154 

all6 

78 

72 
66 
66 
66 
76 

a92 

108 
78 
92 
66 

'61 

56 

aSOO 

802 

209 

186 
164 
288 
224 
a856 

488 
1180 

580 
1250 

664 

488 


SEPT. 


G.H.      Dls. 


8.50 
8.05 
2.75 

8.10 
2.50 

•  •  •  «  » 

2.10 
1.95 

1.80 
1.80 
1.70 
1.65 


2.80 
2.20 
2.20 
2.00 
1.85 

1.70 

1.80 
1.90 
2.00 

1.85 
2.80 
2.00 

'i'.99 


b750 

aSOO 

9^9 

738 

596 

756 
488 
a  111 
884 
286 

288 
238 
210 
196 
al90 

618 
870 
370 

254 

210 
a20O 


OCT. 


270 
802 

254 
406 
SOS 
a901 
299 


G.H. 


2.00 
1.93 
1.82 
1.80 
1.70 


1.60 
1.50 
1.5C- 
1.6(1 

1.85 
1.70 

iiw 

1.60 

i.4r. 

1.43 
1.40 
1.76 


150 
1.60 
4  70 
3.20 
3  22 

2  95 

i'eo 

2.60 
8.40 
8  20 


DlB. 


802 
270 
244 


210 

al98 
186 
164 
164 
186 

254 
210 
al87 
164 
164 

154 
150 
144 
224 
al94 

164 
186 
1760 
804 
814 

687 
a608 
580 
488 
446 
870 


NOV. 

DE 

• 
G.H. 

Dis. 

1 
G.H. 

2.40 

446 

3.80 

406 

3.80 

a865 

8.06 

2.66 

802 

2.50 

1.96 

286 

245 

1.86 

254 

8.20 

2.25 

889 

2.80 

2.80 

406 

2.80 

406 

2.46 

0889 

2.40 

2.20 

370 

2.28 

2.19 

866 

8.15 

2.15 

852 

2.00 

2.20 

870 

8.00 

2.06 

818 

2.00 

808 

1.96 

a286 

1.88 

1.90 

270 

1.86 

1.82 

244 

1.90 

1.81 

241 

1.80 

1.80 

288 

1.76 

1.75 

224 

1.70 

210 

1.50 

aZ17 

1.70 

1.75 

284 

1.68 

1.70 

210 

1.50 

1.65 

196 

1.60 

al92 

1.60 

1.60 

186 

1.66 

198 

2.22 

2.50 

DlB. 


al98 
864 
788 
488 
467 

804 
618 
ft642 
467 
446 

400 
862 


802 
a294 

286 
264 
864 
270 


224 
al94 
164 
210 
806 

164 
186 
186 
a200 
378 
488 


a  Discharge  estimated. 


ESTIMATED    MONTHLY   DISCHARGE    OF    KINZUA    CREEK,    AT   DEW- 
DROP,  WARREN  COUNTY. 

(Drtkinage  area  nt  square  miles. ) 


MONTH. 


1912. 

August 

September, 

October,     

Koyember,    

December 


Discharge  in  Second-feet. 


Second-feet 

Maximam. 

Minimum. 

Mean. 

ner  square 
mile. 

Depth  in 
inches. 

1250 

66 

256 

1.497 

1.726 

959 

190 

896 

2.316 

2.684 

1750 

144 

360 

8.047 

2.860 

446 

186 

296 

1.726 

1.924 

854 

164 

361 

2.111 

2.484 

Run-off. 
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BROKENSTRAW  CREEK. 


DESCRIPTION   OF    BASIN. 

* 

Brokeu&traw  creek,  a  tributary  of  the  Allegheny  river,  drains  an 
area  of  approximately  324  square  miles,  70  of  which  lie  in  New  York 
State.  Rising  in  Chatauqua  county,  New  York,  about  five  miles 
north  of  the  Pennsylvania  State  line,  it  flows  in  a  general  southerly 
direction  and  enters  Erie  county,  Pa.,  near  its  northeastern  corner, 
and  turning  southeasterly  passes  into  and  through  Warren  county 
to  its  mouth  at  Irvineton,  a  distance  of  about  35  miles.  This  stream 
flows  through  a  rolling,  agricultural  country,  bordered  by  a  wide 
valley,  sparsely  settled  and  considerably  deforested.  A  few  bor- 
oughs lie  in  the  basin,  and  some  farming  villages.  The  flow  of  this 
stream  is  not  rapid,  the  source  lying  at  an  elevation  of  1,720  feet, 
and  the  mouth  at  1,140  feet,  the  average  slnpe  per  mile  being  10  feet 
from  the  New  York  State  line  through  Pennsylvania  to  its  mouth. 
The  upper  watershed  lies  within  the  glacial  area.  There  are  many 
tributaries,  Little  Brokenstraw  being  the  largest,  and  on  the  head- 
waters there  are  a  few  lakes,  ponds  and  swamps.  It  is  not  used  for 
water  supply  and  very  little  power  has  been  developed. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  of  this  creek  has  been  measured  since  October  22, 
1909,  at  Youngsville,  Warren  county,  approximately  3  miles  above  its 
mouth. 


OHIO  BASIN— STATION  NO.  4. 


BROKENSTRAW  CREEK  AT  YOUNGSVILLE,  PENNA. 


DES(;RIPTI0N    op    STATION. 

This  station  was  established  on  October  22nd,  1909,  by  the  Water 
Supply  Commission  of  Pennsylvania,  in  co-operation  with  the  Flood 
Commission  of  Pittsburgh,  and  is  located  on  a  single  span,  steel, 
through-truss,  highway  and  trolley  bridge,  at  Youngsville,  Warren 
Co.,  about  3  miles  above  the  mouth  of  the  creek. 

The  channel  above  the  station  curves  gradually  to  the  right,  look- 
ing up-stream,  with  a  riffle  about  300  feet  above  the  bridge,  while 
below  the  station  the  channel  is  straight  for  1,000  feet,  with  a  riflBe 
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400  feet  below  the  bridge.  The  right  bank  is  high  and  does  not  over- 
flow, while  the  left  bank  overflows  for  a  short  distance  under  ap- 
proach trestle  at  high  stages.  The  bed  of  the  creek  is  composed  of 
clay  and  gravel,  and  is  fairly  permanent.  The  channel  at  this  sec- 
tion is  deep  and  quiet,  and  the  flow  mostly  at  right  side  in  low 
stages. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge  during  medium  and  high  stages,  and  by  wading  at  low 
stages.  The  initial  point  for  soundings  is  top  edge  bridge  seat,  right 
abutment. 

A  14-foot  staff  gage,  graduated  in  feet  and  tenths,  was  spiked  to 
a  large  pile  on  left  bank,  just  above  the  bridge,  but  was  subsequently 
removed  to  the  right  abutment,  downstream  side,  where  it  is  at 
present  located.  Bench  Mark  No.  1  is  ring  cut  in  top  of  upstream 
corner  of  right  abutment  on  the  outer  edge  near  the  date  1891  cut 
in  stone;  elevation  12.42  feet  above  zero  of  gage,  which  is  arbitrary 
datum.  The  gage  is  read  twice  daily  by  W.  F.  Schnell,  Youngsville, 
Pa. 

Since  the  establishment  of  this  station,  16  discharge  measurements 
have  been  made.  The  dat^  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission  of  Pennsylvania. 
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DISCHARGE  MEASUREMENTS   OF   BROKBNSTRAW  GREEK.    AT 
YOUNGSVILLE,  WARREN  COUNTY,  PA. 

(Drainaffc  area  290  square  miles.) 


No. 


15 
16 


Date. 


1913. 
Mar.    28, 
Mar.    29, 


Hydrographer. 


Ryder,     . . 

Boe  h  r i 

Knight 


n  g  er    & 


a 


• 

s 

i 

i 

h 

• 

% 

> 

A 

tf 

«> 

1 

I 

1 

s 

Remarka. 


Pt. 

Feet. 

Sq.  ft. 

per 

SCO* 

Feet. 

Sec.  ft. 

133 

U37 

4.04 

6.18 

4598 

Surface  msmt. 

12S 

• 

846 

2.74 

3.93 

2319 

DISCHARGE  TABLE  FOR  BROKENSTRAW  CREEK,  AT  YOUNGSVILL.B, 

WARREN  COUNTY,  FROM  OCT.  31,  1909. 
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1 
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1 

§ 

o 

0 

A 
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• 
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1 

1 

1 

<n 

1 

1 

1 

ua 


Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec-ft 

0.00 

60 

.70 

^        485 

.40 

1660 

.10 

807O 

.80 

6150 

.10 

62 

.80 

540 

.50 

1725 

.20 

3160 

.90 

6320 

.20 

76 

.90 

600 

.60 

1800 

.80 

3360 

7.00 

6490 

.80 

88 

2.00 

660 

.70 

1875 

.40 

3340 

.10 

6665 

.40 

101 

.10 

720 

.80 

1960 

.60 

3440 

.80 

6840 

.60 

115 

.20 

786 

.90 

2080 

.60 

3540 

.30 

6015 

*  .60 

133 

.30 

850 

4.00 

2110 

.70 

3640 

.40 

6190 

.70 

154 

.40 

915 

.10 

fl90 

.80 

3740 

.60 

6365 

.80 

175 

.60 

985 

.20 

2270 

.90 

3860 

.00 

6640 

.90 

198 

.60 

1065 

.30 

2350 

6.0O 

8970 

.70 

6716 

1.00 

224 

.70 

112S 

.40 

2440 

.10 

4100 

.80 

6890 

.10 

255 

.80 

1200 

.60 

2530 

.20 

4880 

.90 

7066 

.20 

287 

.90 

]275 

.60 

2620 

.80 

4370 

8.0O 

7SI0 

.80 

820 

8.00 

1350 

.70 

2710 

.40 

4610 

.40 

855 

.10 

1425 

.80 

2800 

.50 

4660 

.60 

892 

.30 

1500 

.90 

2890 

.00 

4820 

.60 

434 

.30 

1575 

5.00 

2880 

.70 

4980 
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ESTIMATED  MONTHLY   DISCHARGE  OF  BROKENSTRAW  CREEK,   AT 

YOUNGSVILLE,  WARREN  COUNTY,  PA. 

(Drainage  area  290  square  miles.) 


MONTH. 


Jannary*    • 
February, 
Marchf    . . . 

April 

May 

June,    

July 

Au^rust,    . . 
September, 
October.   . . 
November, 
December, 


1912. 


DUcbarge  In  Second-feet. 


Tbe   year, 


Maxlmam. 

Minimum. 

Mean. 

1875 

486 

1200 

440 

6630 

224 

1660 

7420 

388 

1970 

1120 

154 

866 

154 

101 

184 

106 

82 

92 

1350 

88 

S12 

4870 

188 

764 

2B40 

154 

606 

1720 

255 

478 

2270 

224 

788 

7420 

669 

Run-off. 


TIONESTA  CREEK. 


Seoond-feet 

per  Bouare 

Depth  in 

Inches. 

1.676 

1.982 

1.517 

1.686 

6.724 

6.599 

6.798 

7.579 

1.228 

1.416 

0.462 

0.515 

0.817 

0.866 

1.076 

1.241 

2.684 

8.988 

2.090 

8.410 

1.64S 

1.889 

2.528 

2.916 

2.806 

81.886 

Note.— Creek  frozen  Jan.  11-20,   incl.,   and  Feb.  9-17,   incl.,   discharge  estimated. 


DESCRIPTION   OF   BASIN. 

Tioiiesta  creek,  one  of  the  large  tributaries  of  the  Allegheny  river, 
drains  approximately  485  square  miles  in  Warren,  McKean  and 
Forest  counties.  The  main  stream  rises  on  the  west  slope  of 
the  Allegheny  mountains  in  the  southcentral  part  of  Warren  county, 
and  flows  in  a  northeasterly  direction  for  approximately  13  miles 
to  Clarendon,  Wan  en  county,  where  it  turns  and  flows  in  a  general 
southerly  direction  for  approximately  13  miles  to  the  Warren-For- 
est county  line,  tlience  flowing  in  a  general  southwesterly  direction 
for  approximately  32  miles  to  its  mouth  in  the  All^heny  river  at 
Tionesta,  Forest  county,  a  total  distance  of  approximately  58  miles. 

The  valley  of  the  stream  near  its  headwaters  is  fairlv  broad,  tlie 
creek  flowing  through  low,  marshy  land,  but  after  it  leaves  Shef- 
field, it  enters  a  gorge-like  valley,  with  hills  rising  500  feet  to  600 
feet  on  either  side,  to  its  mouth.  The  valleys  in  the  lower  reaches  are 
farmed  to  a  small  extent,  while  on  the  adjoining  hills  is  some  virgin 
and  second-growth  timber.  A  large  portion  of  the  high  ground  is 
under  cultivation. 

There  is  considerable  lumbering  carried  on  in  its  drainage  basin, 
and  there  are  several  saw  mills  along  the  course  of  the  stream  and 
its  tributaries.    There  are  also  several  small  water  power  installa- 
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tions  along  this  stream,  some  of  which,  however,  have  been 
abandoned.  It  is  proposed  to  erect  a  300-foot  dam  near  the  mouth 
of  the  creek,  in  connection  with  a  proposed  hydro-electric  power 
plant,  which  will  back  water  up  almost  to  Sheffield. 

The  elevation  of  the  creek  at  Savbrook,  at  the  mouth  of  Four-Mile 
run,  18  miles  below  its  source,  is  1,348  feet  above  mean  sea  level, 
while  at  its  mouth  at  Tionesta  it  is  1044  feet  above  mean  sea  level, 
a  fall  of  304  feet  in  a  distance  of  approximately  40  miles,  or  at  the 
rate  of  7^  feet  per  mile. 

There  are  no  large  streams  entering  tlie  creek,  although  there  are 
iiume.ous  small  tiibutaries  fiom  the  east  and  west.  Several  of  the 
tributaiies  above  Sheffield  and  Clarendon  come  from  wooded  hills, 
and  are  clear  and  pure. 

The  largest  communities  in  its  watershed  are  Nebraska,  Sheffield, 
Claiendon,  none  of  which,  however,  are  of  anv  considerable  size. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  July  26th,  1912,  at  Butler 
Biidge,  about  2  miles  above  Nebraska,  Forest  county,  Penn'a. 


OHIO  BASIN— STATION  NO.  5. 


TIONESTA  CREEK  NEAR  NEBRASKA,  FOREST  COUNTY. 


DESCRIPTION    OF    STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  July  26th,  1912,  and  is  located  at  Butler  Bridge,  a 
three  span  structure;  two  deck  spans  and  one  through  truss  steel 
span  and  is  about  two  miles  above  Nebraska. 

The  channel  above  the  station  is  straight  for  200  feet,  while  below 
the  station  it  is  straight  for  1,500  feet.  The  right  and  left  banks  are 
high,  wooded  and  not  subject  to  overflow.  The  bed  is  composed  of 
gravel  and  boulders  and  is  fairly  permanent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge;  the  initial  point  for  soundings  being  right  end  of  down- 
stream hand-rail. 
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A  sectional  chain  gage  is  fastened  to  the  face  of  the  wooden  guard-^ 
rail.  The  elevation  of  zero  is  arbitrary  datum.  Bench  Mark  No.  1 
is  a  cross  chiselled  on  the  downstream  side  of  the  right  pier,  marked 
"B.  M  and  W.  S.  C.  of  Pa ;"  elevation,  17.77  feet  above  gage  datum. 
The  length  of  chain  from  the  bottom  of  the  weight  to  marker  is  32.82 
feet.    The  gage  is  read  once  daily,  by  Mrs.  P.  S.  Moore. 

This  station  was  established  to  replace  the  gaging  station  which 
was  operated  on  this  creek  at  Nebraska,  the  latter  station  being  dis- 
continued on  account  of  the  unreliability  of  the  gage  heights,  which 
were  influenced  by  a  mill  dam  and  tail  race  immediately  at  the 
station. 

Since  the  establishment  of  this  station  two  discharge  measure- 
ments have  been  made.  Owing  to  the  insufficient  number  of  dis- 
charge measurements  no  rating  table  for  discharge  has  been  pnblishecf 
and  only  the  discharge  measurements  and  daily  gage  heights  are 
given  below. 


DISCHARGE  MEASUREMENTS  OF  TIONESTA  GREEK,  NEAR  NEB- 

BRASEA,  FOREST  GOUNTY,  PA. 

(Drainage  area  J^tO  square  miles. ) 


No. 


Date. 


1912. 
July    26, 

19U. 
April    1. 


Hydrograpber. 


Boehringei*! 


Boehiinger 
Knight. 


A 


s 


• 

fl 

• 

tt 

1 

• 

2 

• 

% 

► 

•« 

a 

s 

§ 

» 

CI 

.9 

< 

s 

o 

Q 

Pt. 

Feet. 

8q.  ft. 

per 
sec. 

Feet. 

Sec.  ft. 

125 

888 

0.76 

8.99 

292 

134 

684 

8.09 

6.88 

1958 

Remarks. 


0.6   method. 


0.2  and  0.8   method. 
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DAILY  MEAN  GAGE  HEIGHTS  OF  TIONESTA  GREEK  NEAR  NEBRAS- 
KA, FOREST  COUNTY,  PA. 


1. 

4. 
5. 

6. 
7, 
8. 
9. 
10, 

11. 
1*2. 
18. 
14, 
15. 

16. 
17. 
18. 
19. 
». 

a. 

22. 
28, 
24. 
25, 

2«. 
27, 
28. 
29, 
30. 
81, 


1912. 


JULY. 


O.  H. 


4.0 
3.8 
3.7 
8.7 
3.7 
8.7 


AUG. 


Q.  H. 


8.8 
8.9 
4.1 
8.9 
8.8 

8.7 
8.6 
8.6 
8.6 
8.6 

3.9 
8.9 
8.6 
8.6 
8.6 

8.6 
8.6 
8.6 
6.1 
4.9 

4.7 
4.8 

4.1 
4.8 
4.1 

6.0 
6.6 
6.4 
5.6 
5.1 
4.8 


SEPT. 


G.  H. 


6.4 
6.9 
6.9 
6.0 
6.6 

6.6 
6.2 
4.8 
4.6 
4.4 

4.6 
4.8 
4.1 

4.1 
4.0 

4.6 
4.0 
4.8 
4.6 
4.8 

4.8 
4.0 
4.0 
4.2 
4.8 

4.2 
4.2 
4.2 
4.1 
4.2 


OC3T. 


G.  H. 


4.2 
4.1 
4.0 
4.0 
8.9 

8.9 
8.8 
8.8 
8.8 
8.9 

4.2. 
4.0 
4.0 
8.9 
8.9 

8.8 
8.8 
8.8 
8.9 
4.1 

4.1 
4.0 
4.4 
6.6 
6.6 

5.8 
6.8 
6.2 
6.0 
4.8 
4.7 


NOV. 


G.  H. 


4.6 
4.7 
4.6 
4.4 
4.4 

4.4 

4.6 
6.0 
6.0 
6.1 

6.0 
4.9 

4.8 
4.7 
4.7 

4.6 
4.6 
4.4 
4.4 
4.8 

4.8 
4.8 
4.2 
4.2 
4.2 

4.2 

4.1 
4.0 
4.0 
4.1 


DEO. 


G.  H. 


8.9 
4.0 
6.6 
6.1 
4.8 

6.1 
6.6 
6.2 
6.1 
•6.0 

4.8 

4.6 

t6.6 

t6.7 

t6.8 

t6.8 

t6.6 

a6.8 

6.1 

6.0 

6.8 
6.0 
6.0 
6.8 
t6.0 

6.0 
6.0 
6.7 

b6.4 
5.9 

t7.6 


Notwi,— •Slufih  Ice  In  creek.    tCreek  frosen  over;  measurement  to  top  of  ice. 
went  ont.    b  Ice  breaking  up  above  bridge. 


tice  gorge,    a  Ice 


OIL  CREEK. 


DESCRIPTION   OF   BASIN. 

Oil  creek,  a  tributary  of  the  Allegheny  river,  drains  an  approxi- 
mate area  of  335  square  miles  in  Erie,  Crawford,  Warren  and  Ve- 
nango counties.  It  rises  in  Oil  Creek  Lake,  Crawford  county,  which 
lake  is  fed  by  numerous  streams  and  runs  heading  in  Erie  county; 
the  East  Branch  of  Oil  creek  rising  in  a  large  lake  at  Spartansburg, 
Crawford  county,  is  also  fed  by  numerous  streams  rising  in  Erie 
county.  These  two  streams  join  at  Centerville,  Crawford  county, 
the  creek  proper  having  a  fall  of  116  feet  in  a  distance  of  6  miles, 
while  the  East  Branch  has  a  fall  of  150  feet  in  eight  miles.  From  the 
junction  of  these  streams  Oil  creek  flows  in  a  general  southerly  di- 
rection through  Crawford  and  Venango  counties  to  its  mouth  at  Oil 
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City,  a  distance  of  30  miles.  From  Centerville  (elevation  1^75)  to 
Oil  City  (elevation  985),  the  slope  of  the  creek  is  at  a  uniform  rate 
of  10  feet  per  mile.  There  are  many  tributaries,  none,  however,  of 
any  considerable  size.  The  valley  of  Oil  creek  is  wide  and  flat,  the 
hills  rising  abruptly,  and  often  with  cliffs,  from  its  flood  plain.  Its 
upper  section  lies  in  the  glacial  area.  The  valley  is  underlain  with 
productive  oil  fields,  farming  and  oil  production  being  carried  on 
throughout  the  basin.  Its  valley  is  largely  deforested,  and  along 
its  course  lie  numerous  large  boroughs  ^ud  villages.  The  stream  is 
used  extensively  for  industrial  water  supply  but  no  domestic  sup- 
plies are  obtained  from  it. 

The  mean  annual  precipitation  over  this  watershed  is  from  40 
to  45  inches. ' 

The  discharge  has  been  measured  since  Oct.  20,  1909,  at  Kouse- 
ville,  about  two  and  one-half  miles  above  the  mouth. 


OHIO  BASIN— STATION  NO.  6. 


OIL  CREEK  AT  ROUSEVILLE,  PA. 


DESCRIPTION    OF    STATION. 

This  station  was  established  by  the  Water  Supply  Gommissioii  of 
Pennsylvania,  in  co-operation  with  the  Flood  Commission  of  Pitts- 
burgh, on  October  20th,  1909,  and  is  located  on  a  two-span,  steel? 
through  tiuss,  highway  bridge,  about  two  and  one-half  miles  above 
the  mouth  and  one-half  mile  below  Kouseville. 

The  channel  above  the  station  is  straight  for  200  feet,  a  trolley 
bridge  crossing  the  same  about  400  feet  up  the  stream.  The  channel 
below  the  station  is  straight  for  1,000  feet.  The  right  bank  is  high 
and  only  overflows  in  extreme  floods,  while  the  left  bank  is  high 
and  not  subject  to  overflow.  The  bed  is  composed  of  gravel  and  is 
fairly  permanent.     There  is  slight  velocity  at  low  stages. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge  and  by  wading  at  extreme  low  stages.  The  initial  point 
for  soundings  is  top  edge,  right  bridge  seat. 

A  standard  chain  gage  is  attached  to  the  lower  chord  of  the  bridge 
on  the  downstream  side,  left  span.  The  length  of  chain  from  the 
bottom  of  weight  to  the  marker  is  16.92  feet.  The  elevation  of  zero  is 
arbitrary  datum.    Bench  Mark  No.  1  is  top  chord  at  upstream  end 
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of  stone  in  bottom  course  at  downstream  corner  of  right  abutment; 
elevation  1.46  feet  above  gage  datum.  Bench  Mark  No.  2  is  bottom 
cf  iion  bed  plate  on  light  abutment  downstream  truss  (directly 
above  gage)  elevation  15.76  feet  above  gage  datum.  Prior  to  July 
27th,  1912,  readings  were  taken  on  a  14-foot  staflf  gage  bolted  to  the 
downstream  face  of  the  right  abutment,  placed  on  the  same  datum 
as  the  chain  gage.    The  gage  is  read  twice  daily  by  C.  H.  Wright. 

Since  the  establishment  of  this  station,    21    discharge    measure- 
ments have  been  made. 


DISCHARGE    MEASUREMENTS    OF    OIL    CREEK,     AT    BOUSBVILLB, 

VENANGO   COUNTY,   PA. 

(Drainage  area  930  square  miles, J 
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Mar.    27, 
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1315 

6.70 

5.96 

8816 

Surface  meaBurement. 

DISCHARGE   TABLE    FOR   OIL   CREEK,    AT    ROUSEVILLB,    VENANGO 

COUNTY,  FROM  OCT.  20,  1909. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  OIL  CREEK  AT  ROUSEVILLB, 

VENANGO  COUNTY,  PA. 

(Drainage  area  SSO  square  miles.) 


MONTH. 


1»12. 


Jannary,    . 
February, 
March.    . . . , 

April 

Maj 

Jane,    

Jaly 

August,    . . 
September, 
October,     . 
NoTember, 
December, 


The  year. 


Discharge  ia  Secoiui-feet. 


Maximum. 


Minimum. 


56S0 

mo 

1400 

780 

146 

759 

2S10 

1280 

1780  i 

2600 


80O 

118 

77 

60 

57 

74 

90 

187 

107 


Mean. 


4S1 

240 

1700 

1860 

380 

186 

89 

164 

829 

807 

411 

441 


641 


Run-off. 


Second-feet 

per  square 

mile. 


1.806 
0.727 
6.162 
6.636 
1.151 
0.412 
0.270 
0.497 
0.997 
0.980 
1.245 
1.886 


1. 


Depth  in 
inches. 


1.506 
0.784 
6.989 
6.288 
1.827 
0.469 
0.8U 
0.678 
1.118 
1.072 
1.889 
1.640 

22.301 


Kote.— Greek    frozen    over    Jan.    12-Mar.    16.    incl. ;    daily    discharge    estimated    from    Allegheny 
River   at   Kittanning   and    climatological   records. 


NORTH  BRANCH  OF  FRENCH  CREEK. 


DESCRIPTION   OF   BASIN. 

The  North  Branch  of  French  creek,  the  largest  tributary  of  French 
creek,  rises  in  the  southwestern  corner  of  New  York  State,  in  num- 
erous tributaries,  draining  an  area  of  approximately  217  square 
miles,  114  of  which  lie  in  New  York  State,  and  flows  in  a  general 
westerly  direction  into  Erie  county,  Penn'a.  and  thence  continues 
in  a  general  southerly  direction  to  its  junction  with  the  South 
Branch,  at  Leboeuf,  Erie  county,  a  distance  of  approximately  30 
miles,  the  entire  watershed  lying  north  of  the  terminal  morain. 

The  headwaters  of  this  stream  flow  through  broad,  flat  valleys,  the 
side  hills  being  low  and  rolling  and  covered  with  second  growth 
timber.  There  are  a  few  small  lakes  and  swampy  areas  at  the  head- 
waters, the  largest  lake  being  Findley  Lake,  in  New  York  State,  near 
the  New  -York-Pennsylvania  state  line.  As  the  stream  approaches 
its  confluence  with  the  south  branch  the  hills  become  higher  and  the 
fall  greater.  Throughout  the  entire  course  it  flows  through  a  well 
populated,  agricultural  region.  There  are  numerous  small  towns 
and  boroughs  in  the  watershed,  the  largest  of  which  is  Wattburg. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  of  the  stream  has  been  measured  since  May  4th, 
1910,  at  Kimmeytown,  about  six  miles  above  its  mouth. 
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OHIO  BASIN-STATION  NO.  7. 


NORTH  BRANCH  OF  FRENCH  CREEK  AT  KIMMEYTOWN, 

PA. 


DESCRIPTION    Oi     STATION. 

This  station  was  established  by  the  Flood  Commission  of  Pitts- 
burgh, on  May  4th,  1910,  who  operated  the  same  until  February  1, 
1912,  when  it  was  taken  over  by  the  Water  Supply  Commission  of 
Pa.  It  is  located  on  the  steel,  highway  bridge,  at  Kimraeytown,  Erie 
county,  about  five  miles  above  the  mouth  of  the  creek. 

The  channel  is  straight  for  a  distance  of  about  300  feet  above  and 
600  feet  below  the  station.  The  banks  are  both  subject  to  overflow 
at  extreme  high  stages.  The  bed  of  the  creek  is  gravelly  and  per- 
manent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  at  ordinary  stages,  and  by  wading,  at  a  section  200  feet 
above  the  bridge,  at  extreme  low  stages.  The  initial  point  for  sound- 
ings is  outer  face  of  cassion  at  left  end  of  bridge. 

A  chain  gage  is  fastened  to  the  floor  on  the  downstream  side  of  the 
bridge.  The  length  of  chain  from  the  bottom  of  weight  to  the  marker 
is  16.26  feet.  The  elevation  of  zero  is  1235.70  feet.  B.  M.  No.  1  is 
on  west  abutment,  downstream  side,  top  of  cassion ;  elevation  1250.09 
feet,  or  14.39  feet  above  gage  datum.  The  gage  is  read  once  daily  by 
J.  L.  Carter. 

Since  the  establishment  of  this  station  13  discharge  measurements 
have  been  made. 

The  data  prior  to  1912  was  furnished  by  the  Flood  Commission  of 
Pittsburgh,  and  will  be  found  in  the  1910-11  report  of  the  Water 
Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  NORTH  BRANCH  FRENCH  CREEK, 

AT  KIMMEYTOWN,  ERIE  COUNTY,  PA. 

(Drainage  area  190  square  miles.) 
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DISCHARGE  TABLE  FOR  NORTH  BRANCH  FRENCH  CREEK,  AT  KIM- 
MEYTOWN, ERIE  COUNTY,  FROM  MAY  16,  1910. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  NORTH  BR.  FRENCH  CREEK 

AT  KIMMEYTOWN,   ERIE  COUNTY. 

(Drainage  area  190  square  miles.) 


MONTH. 


1912. 


JaniuuT.    . 
February, 
March,    . . . 
April,     .... 

M«y 

Jane,    

Jnly 

August,     . . 
September, 
October.     . 
November, 
December, 


The  year. 


Discharge  in  Second-feet. 


Maximum. 

Minimum. 

Mean. 

884 

240 

d6660 

1180 

6860 

808 

1470 

996 

101 

865 

800 

59 

117 

79 

43 

51 

1970 

69 

881 

3600 

182 

686 

4780 

182 

668 

1680 

208 

688 

8800 

251 

666 

654 

Ran-oif. 


Becond-feet 

per  Muare 

mile. 


1.758 
1.268 
6.2U 
7.787 
1.921 
0.616 
0.268 
1.742 
8.668 
8.489 
8.888 
8.506 


2.917 


Depth  in 
inches. 


2.027 
1.862 
7.160 
8.682 
2.215 
0.688 
0.809 
2.006 
4.087 
4.028 
8.158 
4.041 

89.711 


Note.— d   Estimated.     Greek   frjzen   over  Jan.   6-Mar.   18,    ind.,    and  daily  discharge   estimated 
from  Brokenstraw  Creek  at  YoungSTille. 


CUSSEWAGO  CREEK. 


DESCRIPTION   OF   BASIN. 

Cussewago  cieek,  one  of  the  largest  tributaries  of  French  creek, 
draining  ninety-two  squaie  miles,  rises  in  the  southern  part  of  Erie 
county  and  flows  in  a  general  southerly  direction,  through  Erie  and 
Crawford  counties,  for  a  distance  of  about  twenty  miles,  to  the  par- 
ent stream  opposite  Meadville.  This  creek  follows  a  tortuous  course 
and  the  flow  is  sluggish  throughout  its  entire  length,  passing  through 
a  wild,  shallow,  drift  filled  valley,  the  side  hills  of  which  often  rise 
abruptly  from  the  plains,  with  numerous  small  tributaries  coming 
in  from  the  east  and  the  west.  The  watershed  lies  entirely  within 
the  glacial  area,  the  hills  being  low,  rolling,  and  largely  deforested, 
while  the  basin  is  well  populated  by  an  agricultural  community. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  of  this  creek  has  been  measured  since  May  2nd, 
1910,  at  Jones'  Farm,  above  Meadville,  Crawford  county. 
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OHIO  BASIN— STATION  NO.  8 


CUSSEWAGO  CREEK  AT  JONES'  FARM,  ABOVE  MEADVILLE. 


DESCRIPTION    OF    STATION. 

This  station  was  established  on  May  2nd,  1910,  by  the  Flood  Com- 
mission of  Pittsburgh,  who  operated  the  same  until  February  1, 
1912,  when  it  was  taken  over  by  the  Water  Supply  Commission  of 
Pa.,  who  has  maintained  and  operated  the  station  since  that  date. 
It  is  located  on  the  steel  highway  bridge  near  Jones'  Farm,  four  and 
one-half  miles  above  Meadville. 

The  channel  above  and  below  the  station  bends  to  the  left.  Both 
banks  are  subject  to  overflow  at  a  gage  height  of  about  eight  feet. 
The  bed  is  soft  and  not  permanent. 

Dischaige  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  the  initial  point  for  soundings  being  the  outer  edge  of 
the  left  abutment. 

Originally  a  staff  gage  was  attached  to  the  right  abutment,  but 
as  this  was  out  of  water  at  low  stages,  a  chain  gage  was  installed 
on  June  6th,  1910.  The  length  of  the  chain  from  the  bottom  of  the 
weight  to  the  marker  is  14.83  ft.  The  elevation  of  zero  is  1071.77 
feet.  Bench  Maik  No.  1  is  on  top  of  upstieam  side  of  left  abutment; 
elevation  1085.40  feet,  or  13.63  feet  above  gage  datum.  The  gage  is 
read  once  daily  by  J.  E.  Hofius. 

This  is  not  an  entiiely  satisfactory  location  for  a  station,  but  no 
better  point  could  be  found  on  the  creek,  as  the  same  conditions  pre- 
vail throughout  its  whole  length. 

Since  the  establishment  of  this  station,  twelve  discharge  measure- 
ments have  been  made. 

The  data  prior  to  1912,  which  was  furnished  by  the  Flood  Com- 
mission of  Pittsburgh,  will  be  found  in  the  1910-11  report  of  the 
Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  CUSSEWAGO  CREEK,  NEAR  MEAD- 

VILLE,  CRAWFORD  COUNTY,  PA. 

(Drainage  area  90  square  milea.) 
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DISCHARGE   TABLE    FOR   CUSSEWAGO    CREEK,    NEAR    MEADVILLE, 

CRAWFORD  COUNTY,  FROM  MAY  3,  1910. 
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ESTIMATED   MONTHLY   DISCHARGE   OF   CUSSEWAGO   CREEK,    NEAR 

MEADVILLE,  CRAWFORD  COUNTY. 

(Drainage  area  90  square  miles.) 


MONTH. 


1912. 


Jannarj,    

February,    ...,. 

March. 

April 

May 

June, 

July 

August 

September,     . . . 

October,     

November,    — 
December,     . . . . 


The    year. 


Discha 

rge  In  Secon< 

i-feet. 

Bun-off. 

Second-feet 

Maximum. 

Minimum. 

Mean. 

per  square 

Depth  in 

mile. 

inches. 

16< 
116 
441 
8H 

1.788 
1.600 

4.900 
8.511 

1.986 

1.618 

5.640 

828 

27 

8.917 

274 

10 

75 

0.883 

0.960 

158 

5 

22 

0.244 

0.272 

6 

9 

4 

0.044 

0.051 

848 

4 

28 

0.8U 

0.868 

186 

0 

SI 

0.844 

0.88S 

cllTO 

8 

181 

2.0U  ^              2.S18 

922 

47 

120 

1.888 

1.487 

S66 

86 

120 

1.883 

1.637 

186 

1.508 

20.548 

Note.— c  Estimated:    Creelc  frozen  over  Jan.  6-March  19,  inclusive,  and  daily  discharge  estimated 
from  Brokenstraw  Greek  at  Youngsville. 


FRENCH  CREEK. 


DESCRIPTION   OF   BASIN. 

French  creek,  in  northwestern  Pennsylvania,  is  one  of  the  largest 
feeders  of  the  Allegheny  river,  draining  approximately  1,180  square 
miles,  of  which  about  45  lie  in  New  York  State.  It  rises  in  the 
plateau  in  the  southwestern  corner  of  New  York  State,  and  flows 
approximately  25  miles  southwesterly  to  the  Pennsylvania  line, 
crossing  it  into  Eiie  county,  Penn'a.,  17  miles  south  of  Lake  Erie. 
From  this  point  the  stream  continues  in  a  general  southwesterly 
direction  through  Eiie  and  Crawford  counties,  cutting  across  the 
northeast  corner  of  Mercer  county  into  Venango,  it  follows  a  south- 
easterly course  to  its  mouth  at  Franklin,  the  total  length  being  about 
100  miles.  This  stream  throughout  its  entire  length  flows  through 
a  well  inhabited,  agricultural  country,  almost  deforested,  and  con- 
taining in  its  basin  many  important  and  thriving  communities.  In 
general  this  stream  flows  through  a  broad  valley,  bounded  by  rolling 
hills  and  is  tortuous  in  its  course,  flowing  slowly  with  a  gentle  slope, 
often  through  long  deep  pools.  From  where  it  enters  Venango 
county,  however,  to  its  mouth,  a  distance  of  12^  miles,  the  fall  is 
steeper,  often  broken  by  rapids,  the  hills  on  either  side  being  higher. 
The  source  of  French  creek  lies  at  an  approximate  elevation  of 
1,700  feet,  and  to  LeBouef,  12  miles  below  the  Pennsylvania  State 
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line,  it  falls  at  the  rate  of  14  feet  per  mile;  thence  to  the  Merccr- 
Venanjco  county  line,  a  distance  of  50  miles,  the  rate  is  about  3  feet 
I-er  mile,  and  from  this  point  to  the  mouth,  approximately  12  miles 
the  late  of  fall  is  8  feet  per  mile.  All  but  a  small  section  of  this 
basin  near  the  mouth,  lies  within  the  glacial  area,  and  at  Cam- 
bridge Springs,  where  the  valley  of  the  creek  for  about  eight  miles 
above  and  below  the  town  is  extremely  broad  and!  flat,  is  said  to 
have  been  formerly  the  bed  of  a  large  glacial  lake.  There  are  many 
mineral  springs  in  this  section  of  the  drainage  basin.  Throughout 
the  entire  drainage  area  of  French  creek  are  numerous  lakes,  ponds 
and  swamps  fiom  which  the  tributaries  of  the  stream  emanate.  The 
(^onneaut  Lake,  said  to  be  the  largest  in  Pennsylvania,  lies  in  this 
watershed.  The  principal  tributaries  are — South. Branch,  Le  Boeuf, 
Oonewago  creek,  Conneautee  creek,  Muddy  creek,  Conneaut  creek. 
Woodcock  creek  and  Big  Sugar  creek.  Numerous  domestic  and  in 
dusti  ial  water  supplies  are  obtained  from  French  creek  and  its  tribu- 
taries. This  creek  at  one  time  Was  extensively  used  by  grist  and 
flouring  mills  for  power  purposes,  all  but  a  few  of  these  plants  have 
been  abandoned.  At  one  period  a  ^tate  canal  followed  the  lower 
portion  of  this  stream. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  April  29,  1908,  at  Carlton, 
about  13  miles  above  the  mouth. 


OHIO  BASIN— STATION  NO.  9. 


FRENCH  CREEK  AT  CARLTON,  PENNA. 


DESCRIPTION    OF    STATION. 

Tliis  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  April  29th,  1908,  and  is  located  on  a  two-span. 
steel,  through  truss,  highway  bridge,  near  the  Erie  Railroad  Station 
at  Carlton. 

The  channel  above  and  below  the  station  is  a  gradual  curve  to  the 
left,  there  being  an  old  dam  800  feet  upstream  and  a  dam  a  mile  and 
one-half  downstream.  The  right  bank  is  high  and  not  subject  to  over- 
flow, while  the  left  bank  is  low  and  water  passes  around  for  a  width 


.    215 

of  400  feet,  being  several  feet  deep.  This  low  section  is  about  eight 
feet  below  the  floor  of  the  bridge.  The  bed  is  of  sand,  gravel  and 
bouldei  8  and  is  permanent.  There  are  a  few  trees  and  bushes  in  tlie 
channel  near  the  left  bank. 

Dischaige  measurements  are  made  from  the  downstream  side  of 
the  bridge  and  by  wading  during  extreme  low  stages.  The  initial 
point  for  soundings  is  end  of  upper  angle  of  downstream  handrail  at 
right  bank. 

A  ten-foot  staff  gage  is  fastened  to  the  downstream  face  of  the 
pier.  The  elevation  of  zero  is  arbitrary  datum.  Bench  Mark  No.  1 
is  right  hand,  downstream  corner  of  center  pier  coping;  elevation 
17.58  feet  above  gage  datum.  The  gage  is  read  twice  daily  by  E.  E. 
Dean. 

Since  the  establishment  of  this  station,  27  discharge  measuie- 
ments  have  been  made.  No  dischaige  measurements  have  been  made 
since  the  1910-11  report.  The  data  i)rior  to  1912  will  be  found  in  the 
1910-11  leport  of  the  Water  Supply  Commission. 


DISCHARGE  TABLE  FOR  FRENCH  CREEK,  AT  CARLTON,  MERCER 

COUNTY,  FROM  APRIL  29,  1908. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  FRENCH  CREEK,  AT  CARLTON, 

'MERCER  COUNTY. 

(Drainage  area  1,070  square  miles.) 


Discbarge  in  Second-feet. 


MONTH. 


1»12. 


January,    . 
February, 
Marcb,    ... 
April,     .... 

Mky 

June,    

July 

August.     . . 
September, 
October,     . , 
November, 
December, 


Tbe    year. 


Maximum. 

Minimum. 

Mean. 

1890 

950 

17700 
17500 

....    •••... 

6200 

1280 

6S70 

4280 

430 

1450 

1960 

156 

484 

280 

14& 

180 

4800 

196 

959 

6220 

«47 

1740 

9620 

366 

2280 

5<») 

83& 

2060 

5620 

870 

Z130 

2140 

Run-Off. 


Second-feet 

per  square 

mile. 


1.299 
0.886 
5.794 
5.486 
1.SS5 
0.452 
0.168 
0.896 
1.626 
2.064 
1.944 
1.991 

1.909 


Depth  in 
inches. 


1.496 
0.968 
6.660 
6.121 
1.562 
0.604 
0.194 
1.068 
1.814 
2.408 
2.169 
2.203 

27.281 


Note.— Greek    frasen   over   Jan.    14-March    15,    inclusive,    and    daily    discharge    estimated    from 
Allegheny  River  at  Kittanning  and  climatological  records. 


SUGAR  CREEK. 


DESCRIPTION   OF   BASIN. 

Sugar  creek,  one  of  the  largest  tributaries  of  French  creek,  rises 
in  two  branches  in  the  southeast  corner  of  Crawford  county,  Penn'a., 
and  flows  in  a  general  southerly  direction,  with  numerous  large  trib- 
taries  from  the  east  and  west,  draining  approximately  173  square 
miles,  to  its  mouth  at  Sugar  Creek  Station,  Venango  county.  Pa.,  a 
distance  af  approximately  twenty  miles.  It  flows  through  a  well 
populated,  agricultural  region,  the  side  hills  being  low  and  rolling 
and  the  valleys  being  wide  and  flat.  There  aie  numerous  small  vil- 
lages in  the  watershed,  the  largest  of  which  is  Cooperstown  borough. 
The  production  of  oil  is  extensive  throughout  the  valley. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  of  this  stream  has  been  measured  since  May  6th, 
1910,  at  Wyattville,  about  three  miles  above  the  mouth. 
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OHIO  BASIN— STATION  NO.  10. 


SUGAR  CREEK  AT  WYATTVILLE,  PENNA. 


DESCRIPTION    OF    STATION. 

This  station  was  established  by  the  Flood  Commission  of  Pitts- 
burgh, on  May  6th,  1910,  who  operated  the  same  until  Feb.  1,  1912, 
when  it  was  taken  over  by  the  Water  Supply  Commission  of  Pa., 
and  is  located  on  the  steel  highway  bridge  at  Wyattville,  Venango 
county,  three  miles  above  the  mouth  of  the  creek. 

The  channel  is  straight  for  a  distance  of  about  600  feet  above 
and  1,500  feet  below  the  station.  At  low  water  a  pool  is  formed, 
owing  to  the  flat  slope  of  the  creek  bottom,  which  is  gravelly  and 
permanent.  The  right  bank  is  high  and  does  not  overflow,  while  the 
left  bank  overflows  only  at  extreme  high  water. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  at  ordinary  stages,  and  by  wading  at  a  section  J  mile 
below  the  bridge  at  low  stages.  The  initial  point  for  soundings  is 
the  face  of  left  abutment. 

A  chain  gage  is  attached  to  the  bridge,  the  length  of  chain  from 
the  bottom  of  the  weight  to  the  marker  being  13.83  feet.  The  eleva- 
tion of  zero  is  1050.96  feet.  B.  M.  No.  1  is  on  top  of  left  abutment, 
downstream  side  of  bridge;  elevation  1062.48  feet  or  11.52  feet  above 
zero  of  gage.    The  gage  is  read  once  daily  by  T.  G.  Wyatt. 

Since  the  establishment  of  this  station,  9  discharge  measurements 
have  been  made. 

The  data  prior  to  1912,  which  was  furnished  by  the  Flood  Commis- 
sion of  Pittsburgh,  will  be  found  in  the  1910-11  report  of  the  Water 
Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  SUGAR  CREEK,  AT  WYATTVILLE, 

VENANGO  COUNTY,  PA. 

(Drainage  area  160  square  miles. 


Hydrographer. 
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DISCHARGE  TABLE  FOR  SUGAR  CREEK,  AT  WYATTVILLE,  VENANGO 

COUNTY,  FROM  MAY  7,  1910. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  SUGAR  CREEK,   AT  WYATT- 

VILLB,  VENANGO  COUNTY. 

(Drainage  area  160  square  mites,) 


MONTH. 


1912. 


January,    . 
February, 
March,     ... 
AprU,      .... 

May,     

June 

July 

August. 
Spptfmber, 
Octobor,    . . 
Novembier, 
December, 


The    year. 


Discha 

rge  In  Seconi 

3-feet. 

Run-off. 

Second-feet 

Maximam. 

Minimnm. 

Mean. 

per  square 

Depth  ii 

mile. 

inches. 

190 
120 
615 

1.188 
0.760 
3.844 

1.870 

0.809 

4.482 

2000 

94 

588 

S.676 

4.100 

491 

47 

189 

1.181 

1.861 

59 

28 

46 

0.281 

o.ns 

47 

21 

SI 

0.194 

0.224 

4i'l 

87 

58 

0.863 

0.417 

220 

47 

78 

0.488                 0.545 

619 

28 

1S2 

0.8:^ 

0.951 

220 

28 

86 

0.588 

O.60O 

566 

47 

108 

0.644 

0.742 

186 

1.164 

15.864 

Note. — On   account   of  ice   conditions   the  daily   discharge  from   Jan.    5   to   March   17,    IncloslTe, 
estimated   from   Oil  Creek  at  RonsevlUe. 


CLARION  RIVER. 


DESCRIPTION   OF   BASIN. 

The  Clarion  river,  one  of  the  largest  tributaries  of  the  Allegheny 
river,  draining  an  area  of  approximately  1,232  square  miles,  rises 
in  several  branches  in  the  southern  part  of  McKean  county.  The 
upper  branches  flow  in  a  general  southerly  direction  to  Johnsonburg, 
Elk  county,  where  they  unite  to  form  the  Clarion  river  proper.  Prom 
this  point  the  river  flows  in  a  general  southwesterly  direction,  in  a 
very  tortuous  course,  to  its  mouth,  at  Foxburg,  a  distance  of  ap- 
proximately 95  miles.  The  elevation  of  the  main  stream  at  Johnson- 
burg is  1,442  feet,  while  at  its  mouth  it  is  846  feet,  giving  an  average 
slope  of  six  and  one-half  feet  per  mile.  From  Johnsonburg  the  river 
flows  through  a  fairly  broad  valley  until  it  passes  Ridgway,  Elk 
county,  where  it  enters  a  deep  and  narrow  valley,  with  high  sides, 
which  gradually  increase  in  height  as  the  gorge  narrows,  so  that 
when  the  river  reaches  Clarion  county  it  flows  in  a  narrow  bed,  with 
very  high  precipitous  sides,  often  reaching  an  altitude  of  400  feet 
above  the  stream.  The  hillsides  below  Eidgway  have  been  practically 
deforested  of  their  virgin  timber  and  are  now  covered  with  a  heavy 
second  growth. 
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The  upper  portion  of  the  main*  valley  is  more  thickly  inhabited  and 
more  largely  devoted  to  agiicultuie  tlian  is  the  lower  section,  in 
which  poi  tion  the  main  valley  is  very  sparselv  inhabited  and  largely 
forest  covered,  while  the  plateau  land,  on  either  side,  is  quite  gen- 
erally under  cultivation.  In  the  upjier  portions  of  the  watersheds 
of  the  tributaries  much  of  the  timber  has  been  destroyed  by  forest 
fires  and  removed  by  pulp  and  paper  companies,  but  there  are  num 
erous  small  bitumiifous  coal  opeiations,  while  in  the  lower  part  of  the 
main  valley  gas  wells,  in  considerable  quantities  are  operated.  In 
Klk  county  the  tributaries  are  used  quite  considerably  for  domestic 
and  industrial  water  supph^  while  in  Clarion  county,  with  the  ex- 
ception of  the  borough  of  Clarion,  the  stream  is  little  used.  In  Elk 
county  tlie  stream  is  badly  polluted  by  tanneries,  paper  mills  and 
chemical  works.  The  main  tributaries  are  the  West  Branch,  Elk. 
Little  Toby,  in  Elk  county,  and  Licking,  Deer,  Piney,  Toby  and  Big 
Mills  creeks,  in  Clarion  county. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  March,  1908,  at  Clarion, 
about  thirtv  miles  above  the  mouth. 


OHIO  BASIN— STATION  NO.  11. 


CLARION  RIVER  AT  CLARION,  PENNA. 


DESCRIPTION    OF    STATION. 

This  station  was  established  by  the  United  States  Weather  Bureau, 
on  November  17th,  1884,  and  is  located  on  the  single  span,  steel, 
through-truss,  highway  bridge,  about  one  mile  above  Clarion,  Pa. 
The  gage  is  maintained  and  operated  by  the  Weatlier  Bureau,  the 
Water  Supply  Commission  taking  the  discbarge  measurements  for 
the  rating  of  the  station. 

The  channel  is  straight  for  800  feet  above  and  1,200  feet  below  the 
station.  The  banks  on  either  side  of  the  river  are  high  and  do  not 
overflow.  The  bed  of  tlie  river  is  permanent,  being  composed  of 
rock,  gravel  and  boulders.    The  current  is  swift. 

On  November  22nd,  1909,  a  Mott  gage  was  installed  to  replace  a 
staff  gage.  The  staff  gage,  above  seven  feet,  was  on  an  oak  plank, 
while  below  this  point  the  graduations  were  painted  on  a  sloping 
rock.     The  gage  was  located  near  the  right  abutment  and  could 
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not  be  read  during  extreme  low  stages.  The  Mott  gage  is  fastened  to 
the  downstream  handrail  on  the  bridge  and  is  placed  on  the  same 
datum  as  the  original  staff  gage.  The  elevation  of  zero  of  the  gage 
is  1052  feet.  Bench  Mark  No.  1  is  top  line  of  right  abutment;  eleva- 
tion 1080.48  feeet.    The  gage  is  read  once  daily  by  J.  A.  Miller. 

On  account  of  the  unreliability  of  the  low  water  readings  up  to 
November  22nd,  1909,  the  Water  Supply  Commission  only  pub- 
lishes tl^e  data  since  that  date. 

Since  the  establishment  of  this  station,  21  discharge  measure- 
ments have  been  made.  The  data  piior  to  1912  will  be  found  in  the 
1910-11  report  of  the  Water  Supply  Commission. 


DISCHARGE    MEASUREMENTS    OF    CLARION    RIVER    AT    CLARION, 

CLARION  (X)UNTY,  PA. 

(Drainage  area  910  square  miles.) 
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DISCHARGE  TABLE   FOR   CIJVRION     RIVER  AT  CLARION,     CLARION 

COUNTY,  FROM  MARCH  20,  1908. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  CLARION  RIVER,  AT  CLARION, 

CLARION  COUNTY,  PA. 

(Drainage  area  910  square  mileaj 


IfONTH. 


1912. 


Jannarj,    . 
February, 
Marcb,    ... 
April,     .... 

May 

Jone 

Jnly,    

August,    . . 
September, 
October,     . 
November, 
December, 


The    year. 


Dl8<iharge  In  Second-feet. 

Run-Off. 

1 

Second-feet 

Maximum.     Minimum. 

Mean. 

per  square 

Depth  iC 

mile. 

Inches. 

« 

UOO 
8» 

1.200 
0.912 

1.S94 

0.963 

1  

4480 
5460 

4.868 
6.989 

5.618 

24000                 1640 

6.682 

6010                   926 

24S0 

2.670 

3.078 

925                   S25 

624 

0.686 

0.766 

68S0'                 215 

854 

0.988 

1.062 

2550,                 925 

729 

0.801 

O.OiS 

9260 

675 

1910 

2.009 

2.342 

T790 

520 

1750 

1.923 

2.217 

2420 

648 

1290 

1.418 

1.582 

7220 

648 

1670 

1.726 

1.988 

1910 

2.10B 

28.650 

Note.— River  frozen  Jan.   1  to  March  15.   inclusive,   dally  discharge  estimated  from  Red  Bank 
Creek  at  St.  Charles. 


RED  BANK  CREEK. 


DESCRIPTION   OF    BASIN. 

Red  Bank  creek,  an  important  feeder  of  the  Allegheny  river  from 
Jefferson,  Clarion  and  Armstrong  counties,  drains  an  area  of  ap- 
proximately 585  square  miles.  Rising  in  two  streams,  Sandy  Lick  and 
North  Branch,  the  former  heading  in  Clearfield  county,  and  the  lat- 
ter in  Jefferson  county.  Red  Bank  creek  is  formed  by  their  junction 
at  Biookville,  Jefferson  county,  and  thence  flows  in  a  general  west- 
erly direction,  with  many  twists  and  turns,  to  its  mouth  at  Red  Bank, 
a  distance  of  about  44  miles.  The  stream  flows  through  a  hilly  coun- 
try, sparsely  populated,  except  in  the  valley  where  farming  and 
lumbering  is  carried  on.  The  slope  of  the  creek  is  rapid,  flowing  as 
it  does  in  a  narrow  gorge  between  high  hills,  the  channel  being  full 
of  large  rocks.  The  junction  lies  at  an  approximate  elevation  of 
1,235  feet,  and  the  mouth  at  844  feet,  giving  the  stream  an  average 
fall  of  9  feet  per  mile.  There  are  a  few  boroughs  and  numerous  vil- 
lages along  the  stream,  some  of  which  obtain  their  domestic  water 
supply  from  it.  Some  bituminous  coal  mining  and  oil  and  gas  wells 
are  found  in  this  basin. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
50  inches. 

The  discharge  of  this  stream  has  been  measured  at  St.  Charles, 
since  October  19th,  1909,  approximately  15  miles  above  the  mouth. 
15 


226 

OHIO  BASIN— STATION  NO.  12. 


RED  BANK  CREEK  AT  ST.  CHARLES,  PENNA. 


DESCRIPTION    OF    STATION. 

This  station  was  established  on  jQctober  19th,  1909,  by  the  Water 
Supply  Commission  of  Pennsylvania,  in  co-operation  with  the  Flood 
Commission  of  Pittsburgh,  and  is  located  on  a  single  span,  wooden, 
through-tiuss  biidge  at  St.  Charles,  approximately  15  miles  above  the 
mouth. 

The  channel  is  straight  for  a  short  distance  above  and  below  the 
station.  The  right  bank  overflows  in  extrenle  high  stages,  while  the 
left  bank  is  high  and  not  subject  to  overflow.  The  bed  is  composed 
of  large  rocks  but  is  fairly  regular  and  permanent.  There  is  no 
velocity  at  low  stages. 

Discharge  measurements  are  taken  from  the  upstream  side  of 
the  bridge  and  by  wading  at  lowest  stages.  The  initial  point  for 
soundings  is  top  edge  of  bridge  seat,  north  abutment. 

A  chain  gage  is  fastened  to  the  bridge  floor  on  the  upstream  side, 
fifty  feet  from  the  north  abutment.  The  length  of  chain,  from  the 
bottom  of  the  weight  to  the  marker,  is  24.54  feet.  The  elevation  of 
zero  is  arbitrary  datum.  Bench  Mark  No.  1  is  rod  seat  chiselled 
in  east  corner  stone,  nipper  course  of  nose  of  east  abutment  (left 
hand  looking  downstieam)  painted  white,  seven  feet  more  or  less 
below  top  of  bridge  seat;  elevation  13.32  feet  above  gage  datum. 
Bench  Mark  No.  2  is  rod  seat  in  southeast  corner  of  top  of  same 
abutment  (bridge  seat),  painted  white,  seven  feet  more  or  less  above 
B.  M.  No.  1;  elevation  20.21  feet  above  gage  datum.  The  gage  is 
read  twice  daily  by  W.  H.  Bish. 

Since  the  establishment  of  this  station,  12  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  RED  BANK  CREEK  AT  ST.  CHARLES, 

CLARION  COUNTY,  PA. 

(Drainage  area  SJ^O  square  miles.) 


Mo.        Date. 


Hydrographer. 
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per 

Feet. 
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sec. 
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134 

484 

S.06 

8.04 

1482 

Surface   msmt. 


DISCHARGE    TABLE    FOR    RED    BANK    CREEK,    AT    ST.     CHARLES, 

CLARION  COUNTY,  FROM  JANUARY  1,  1912. 
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Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

0.60 

5 

.10 

420 

.60 

1586 

.10 

4030 

.60 

6806 

.70 

10 

.20 

470 

.70 

1710 

.20 

4215 

.70 

6990 

.80 

15 

.80 

620 

.80 

1840 

.80 

4400 

.80 

7175 

.90 

26 

.40 

570 

.90 

1976 

.40 

4585 

.90 

7860 

1.00 

40 

.50 

680 

4.00 

2120 

.50 

4770 

7.00 

7546 

.10 

60 

.60 

700 

.10 

2275 

.60 

4956 

.10 

7780 

.20 

80 

.70 

770 

.20 

2440 

.70 

5140 

.20 

7915 

.30 

110 

.80 

840 

.30 

2610 

.80 

5326 

.80 

8100 

.40 

140 

.90 

no 

.40 

2780 

.90 

6610 

.40 

8285 

.50 

175 

8.00 

990 

.60 

2960 

6.00 

6695 

.50 

8470 

.60 

210 

.10 

1070 

.60 

8125 

.10 

6880 

.60 

8666 

.70 

246 

.20 

1150 

.70 

8300 

.20 

6065 

.70 

8840 

.80 

285 

.80 

1240 

.80 

8475 

.80 

62r>0 

.80 

90£ 

.90 

880 

.40 

1860 

.90 

3660 

.40 

648S 

.90 

9210 

2.00 

87S 

.50 

1466 

6.00 

8846 

.50 

6620 

8.00 

9695 

Note— This   table  is  only   arplicable  i<ubRoqnont   to  Jan.   1,    1912,    and  la  based  on  8  discharge 
measurements   made   during    1911-12-13,    together    with    former    curve. 
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ESTIMATED   MONTHLY   DISCHARGE   OF  RED   BANK   CREEK,   AT  ST. 

CHARLES,  CLARION  COUNTY,  PA. 

(Drainage  area  S40  square  miles.) 


MONTH. 


Discbarge  In  Second-feet. 


Uaximam. 


1912. 


January, 
February, 
March,    . . . 
April 

May.     

June,     

July 

Aagnat,     . 

September, 

October, 

November, 

December, 


The    year. 


6900 
6870 
8190 
2S60 
796 

eioeoc 

8470 
C12800I 
4270 
1240 
8140 


Minimum. 


96 
880 
224 
42 
25 
184 
24S 
175 
189 
150 


Mean. 


666 

768 

2220 

1880 

866 

171 

848 

1850 

1200 

909 

549 

662 


Ron-ofF. 


Second-feet 

per  square 

mile. 


Depth  In 
Inches. 


1.215 

1.401 

1.418 

1.6^ 

4.111 

4.789 

8.389 

8.781 

1.604 

1.849 

0.817 

0.S54 

1.570 

1.810 

2.500 

2.882 

2.222 

2.479 

1.688 

l.MO 

1.017 

1.185 

l.OU 

1.200 

994 


1.840 


25.004 


Note.— €   Estimated.     Creek    frosen   Jan.   6-Feb.    26,    inclusive;    dally   discharge   estimated   from 
Allegheny  River  at  Kittannlng. 


MAHONING  CREEK. 


DESCRIPTION   OF    BASIN. 

Mahoning  creek,  a  tributary  of  the  Allegheny  river  from  Arm- 
strong, Jefferson,  Clearfield  and  Indiana  counties,  drains  an  area  of 
approximately  425  square  miles.  Eising  in  the  southwestern  part 
of  Clearfield  county,  this  stream  flows  in  a  general  westerly  direction, 
with  many  windings,  through  a  rough,  hilly  country,  to  a  small  ex- 
tent covered  with  second-growth  timber,  to  its  mouth  at  Mahoning, 
on  the  Allegheny  river,  a  distance  of  approximately  65  miles.  The 
headwaters  of  this  stream  are  barren  and  not  farmed  to  any  consider- 
able extent,  but  numerous  bituminous  coal  mines  are  located  in 
this  region.  In  the  lower  region  some  farming  is  carried  on.  The 
watershed  is  sparsely  inhabited,  although  a  few  large  boroughs  are 
located  in  the  valley  of  the  stream.  The  valley  is  not  wide,  the  stream 
in  general  flowing  between  hills  and  often  rapid  in  its  descent,  but  at 
numerous  points  slow  and  sluggish.  The  channel  is  rocky  and  us- 
ually covered  with  boulders.  The  stream  is  not  used  for  domestic 
supply,  but,  to  some  extent,  for  industrial  purposes. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
50  inches. 

The  discharge  has  been  measured  since  October  18th,  1909,  at 
Furnace  Bridge  (Dee)  about  two  and  one-half  miles  above  the  mouth. 
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OHIO  BASIN— STATION  NO.  13. 


MAHONING  CREEK  AT  FURNACE  BRIDGE  (DEE),  PA. 


J>BSORIPTION    OF    STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania,  in  co-operation  with  the  Flood  Commission  of  Pitts- 
burgh, on  October  18th  1909,  and  is  located  on  a  single  span,  steel, 
through  truss,  highway  bridge,  about  two  and  one-half  miles  above 
the  mouth,  at  the  village  of  Dee. 

The  channel  above  and  below  the  station  is  straight  for  800  feet 
and  150  feet  respectively.  The  right  bank  is  high  and  not  subject 
to  overflow,  while  the  left  bank  overflows  through  a  very  small  sec- 
tion during  extreme  floods.     The  bed  is  rocky  and  permanent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  and  by  wading  at  low  stages.  The  initial  point  for 
soundings  is  top  edge  of  left  bridge  seat,  downstream  side. 

A  standard  chain  gage  is  attached  to  the  downstream  handrail. 
The  length  of  chain  from  bottom  of  weight  to  marker  is  25.20  feet. 
The  elevation  of  zero  is  arbitrary  datum.  Bench  Mark  No.  1  is  up- 
stream corner,  right  abutment,  downstream  wing,  eighth  course 
down  from  top ;  elevation  17.43  feet  above  gage  datum.  Bench  Mark 
No.  2  is  upstream  corner  of  stone  on  top  of  B.  M.  No.  1;  elevation 
18.54  feet  above  gage  datum.  Prior  to  February  2nd,  1910,  readings 
were  taken  on  a  14-foot  staff  gage  bolted  on  the  upstream  wing  of 
the  right  abutment,  but  on  January  19th,  1910,  this  gage  was  car- 
ried out  by  ice,  the  present  chain  gage  replacing  the  same  and  being 
referred  to  the  same  datura.  The  gage  is  read  once  daily  by  J.  D. 
Bechtel. 

Since  the  establishment  of  this  station,  17  discharge  measurements 
have  been  made.  Owing  to  the  gage  heights  being  unreliable,  only 
discharge  measurements  and  discharge  table  have  been  published. 
The  data  available  prior  to  1912  will  be  found  in  the  1910-11  report 
of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS   OF  MAHONING  CREEK,   AT  FURNACE 

BRIDGE  (DEE),  ARMSTRONG  COUNTY,   PA. 

(Drainage  area  420  square  miles.) 
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DISCHARGE  TABLE  FOR  MAHONING  GREEK:  AT  FURNACE  BRIDGE, 
(DEE),  ARMSTRONG  COUNTY,  FROM  OCTOBER  18,  1900. 
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8.00 

590 

6.00 

2240 

7.00 

6840 
60f7<f 

9.00 

11100 

.10 

8 

.10 

OoO 

.10 

2360 

.10 

.10 

11400 

.20 

10 

.20 

710 

.20 

24flO 

.20 

6800 

.20 

11700 

.80 

15 

.80 

776 

.80 

2680 

.80 

6550 

.30 

12026 

.40 

22 

.40 

840 

.40 

2780 

.40 

6800 

.40 

12830 

.60 

80 

.50 

905 

.60 

2940 

.50 

705O 

.50 

12675 

.60 

40 

.60 

975 

.60 

SUO 

.60 

7800 

.60 

18025 

.70 

56 

.70 

-KKO 

.70 

8280 

.70 

7560 

.70 

13875 

.80 

75 

.80 

1125 

.80 

»450 

.80 

7800 

.80 

18750 

.90 

100 

.90 

1200 

.90 

8620 

.90 

8050 

.90 

14125 

2.00 

125 

4.00 

1280 

6.00 

3800 

8.00 

£300 

10.00 

14500 

.10 

155 

.10 

1360 

.10 

8960 

.10 

8550 

.10 

14900 

.20 

186 

.20 

1445 

.20 

4160 

.20 

8800 

.20 

15800 

.80 

225 

.80 

1530 

.80 

43-.0 

.80 

9000 

.80 

16725 

.40 

270 

.40 

16'20 

.40 

45r>0 

.40 

9825 

.40 

16150 

.50 

320 

.50 

1710 

.50 

4750 

.50 

9600 

.50 

16600 

.60 

870 

.60 

180O 

.60 

4960 

.60 

9900 

J 

.70 

425 

.70 

1900 

.70 

5170 

.70 

10X0 

.80 

480 

.80 

2010 

.80 

5890 

.80 

10500 

Note. — Owing  to  the  gage  heights  at  this  station  being  unreliable, 
they  have  not  been  published  and  only  the  discharge  measurements 
and  discharge  table  are  furnished  herewith. 
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OHIO  BASIN— STATION  NO.  14. 


ALLEGHENY  RIVER  AT  KITTANNING,  PENNA. 


DESCRIPTION    OF    STATION. 

This  Station  was  established  by  the  Uoited  States  Geological  Sur- 
vey on  August  18th,  1904,  at  the  Market  Street  bridge,  in  the  bor- 
ough of  Kittanning.  On  April  1st,  1907,  this  station  was  taken  over 
by  the  Water  Supply  Commission  of  Pennsylvania,  which  has  been 
operating  it  since  that  date. 

The  channel  above  and  below  the  station  is  straight  for  500  feet 
and  1,000  feet  respectively.  Both  banks  are  high  and  do  not  over- 
flow. The  bed  is  of  gravel  and  is  permanent.  The  current  is  swift, 
and  the  water  at  low  stages,  is  approximately  three  to  four  feet  deep 
in  the  first  three  channels  and  six  to  eight  feet  deep  in  the  last  two 
channels. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge,  which  is  a  five  span,  steel,  through  truss,  highway  bridge. 
The  initial  point  for  soundings  is  the  left  end  of  handrail,  down- 
stream side  of  bridge. 

A  standard  chain  gage  is  bolted  to  the  upstream  handrail  in  the 
first  span  from  the  left  bank.  The  length  of  chain  from  bottom  of 
weight  to  marker  is  38.62  feet.  Elevation  of  zero  is  arbitrary  datum. 
Bench  Mark  No.  1  is  the  left  corner  of  top  course  of  stones  of  left 
abutment;  elevation  33.83  feet  above  gage  datum.  The  gage  is  read 
once  daily  by  Blaine  Mast. 

Since  the  establishment  of  this  station,  40  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
report  of  the  Water  Supply  Commission. 


DISCHARGE   MEASUREMENTS   OF   ALLEGHENY   RIVER,   AT  KITTAN- 
NING, ARMSTRONG  COUNTY,  PA. 


(Drainage  area  9,0U 

1  square  miles.) 

■ 

1 

• 

8 

4J 

. 

No. 

Date. 

Hydrognpher. 

%4 

^4 

« 

Remarks. 

o 

► 

xi 

». 

fl 

i 

< 

g 

0 

i 

• 

2 

i 

Ft. 

Feet. 

Sq. 
ft. 

per 
sec. 

Feet. 

Sec. 
ft. 

1912 

Ft. 

tt 

Dec.       8 

BoehrliiK6r.    

842 

8346 

4.12 

9.98 

S4KS 
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DISCHARGE  TABLE  FOR  ALLEGHENY  RIVER  AT  KITTANNING,  ARM- 
STRONG COUNTY,  FROM  AUGUST  18,  1904. 


• 

■M 

• 

• 

• 

• 

A 

Xi 

Xi 

A 

ja 

«• 

■ 

M 

• 

ha 

« 

M 

• 

ta 
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•3 

.a 

ha 

i 

I 

1 

V4 

§ 

1 

ha 

i 

1 

S 

9S      • 

at 

o 

Q 

O 

Q 

O 

Q 

o 

Q 

CD 

Q 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.80 

775 

.80 

10685 

.80 

88725 

.80 

68220 

.80 

99690 

.40 

880 

.40 

1096O 

.40 

84400 

.40 

64040 

.40 

100600 

.50 

990 

.60 

11440 

.60 

85100 

.60 

64870 

.50 

101620 

.60 

1100 

.60 

11900 

.60 

86800 

.60 

66700 

.60 

102640 

.70 

1220 

.70 

larro 

.70 

86600 

.70 

66540 

.70 

108670 

.80 

U40 

.80 

12840 

.80 

87200 

.80 

07390 

.80 

10471(1 

.90 

1466 

.90 

18816 

.90 

87900 

.90 

68240 

.90 

106750 

2.00 

1606 

6.00 

18800 

10.00 

88600 

14.00 

69100 

18.00 

106800 

.10 

1756 

.10 

14285 

.10 

89310 

.10 

69970 

.10 

107860 

.20 

1920 

.20 

14770 

.20 

40020 

.20 

7064O 

.20 

106910 

.80 

2086 

.80 

15260 

.80 

40730 

.80 

71720 

.80 

100970 

.40 

2260 

.40 

15766 

.40 

41440 

.40 

72600 

.40 

111040 

.60 

2145 

.50 

16260 

.50 

4ZL50 

.50 

784S0 

.50 

112120 

.60 

2640 

.60 

16760 

.60 

42860 

.60 

74880 

.60 

11X200 

.70 

2850 

.70 

17290 

.70 

48570 

.70 

75270 

.70 

114290 

.80 

8060 

.80 

17840 

.80 

44280 

.80 

76170 

.80 

115890 

.90 

8270 

.90 

18410 

.90 

44990 

.90 

77080 

.90 

116490 

8.00 

8490 

7.00 

19000 

11.00 

45700 

16.00 

77900 

19.00 

117600 

.10 

3716 

.10 

19690 

.10 

,    46420 

.10 

78800 

.10 

118710 

.20 

8»40 

.20 

20190 

.20 

47140 

.20 

7970O 

.20 

119620 

.80 

4166 

.80 

20790 

.80 

47860 

.80 

80600 

.80 

120080 

.40 

4890 

.40 

21400 

.40 

48590 

.40 

S1500 

.40 

122060 

.50 

4620 

.50 

22026 

.50 

'    48820 

.50 

82410 

.60 

123170 

.60 

4860 

.60 

22660 

.60 

1    60050 

.60 

83320 

.60 

124290 

.70 

5060 

.70 

28276 

.70 

1    60780 

.70 

84230 

.70 

126410 

.SO 

5385 

.80 

23900 

.80 

61520 

.80 

85150 

.80 

126640 

.90 

5680 

.90 

24325 

.90 

62260 

.90 

86070 

.90 

127670 

4.00 

5840 

8.00 

2&150 

12.00 

63000 

16.00 

87000 

20.00 

128800 

.10 

6106 

.10 

25800 

.10 

1    63750 

.10 

87980 

21.00 

140200 

.20 

6880 

.20 

20460 

.20 

54610 

.20 

88870 

22.00 

152000 

.30 

6660 

.80 

27100 

.80 

1    56280 

.80 

89610 

28.00 

164200 

.40 

6966 

.40 

2f7V50 

.40 

56060 

.40 

90760 

21.00 

176800 

.50 

7260 

.50 

28400 

.50 

'    56840 

.50 

91720 

26.00 

189600 

.60 

7600 

.60 

29060 

.60 

1    57630 

.60 

9?S80 

26.00 

208000 

.70 

7985 

.70 

2970O 

.70 

58420 

.70 

98650 

27.00 

217000 

.80 

8875 

.80 

S:S")0 

.80 

!    59Z10 

.80 

94680 

28.00 

281000 

.90 

8775 

.90 

31025 

.90 

1    60000 

.90 

95610 

29.00 

245000 

6.00 

9200 

0.00 

81700 

18.00 

60600 

17,00 

96600 

80.00 

259000 

.10 

9686 

.10 

32375 

.10 

61600 

.10 

97590 

.20 

30060 

.20 

83060 

.20 

62410 

.20 

96690 
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ESTIMATED  MONTHLY  DISCHARGE  OF  ALLEGHENY  RIVER,  AT  KIT- 
TANNING,  ARMSTRONG  COUNTY. 

(Drainage  area  9,010  square  miles,) 


MONTH. 


1912. 


January,    . 
Febmary, 
March,    ... 
April,     .... 

May 

June,     .... 

July,    

Auifuat, 
September, 
October,    . . 
November, 
December, 


The    year. 


Discbarge  in  Second-feet. 

Rnn-off. 

1 

1 
1 

Second-feet 

Maximum. 

Mintraum. 

Mean.      ' 

per  square 

Depth  in 

1 
1 

mile. 

Inches. 

89700 

18100 
IISOO 

1.464 
1.821 

1.676 

84200 

1.485 

106000 

iiooo 

42894 

4.706 

6.424 

169000 

12400 

45467 

5.046 

6.680 

60000 

5680 

18840, 

2.001 

8.411 

68SO 

1760 

8605 

0.400 

0.446 

83000 

1840 

5628; 

0.624 

0.719 

41400 

1920 

7970 

0.885 

i.oa> 

95€00 

M60 

17799' 

1.976 

2.201 

65700 

8940 

15582  1 

1.724 

1.967 

31000 

8940 

12586, 

1.897 

1.668 

ssioo 

5840 

15100 

1.076 

1.988 

168000 

17400 

1 

1.942 

26.418 

Note.— River  frozen  Jan.  8  to  Feb.  26,  luclii8lve,  and  discharge  estimated  from  West  Br. 
Susquehanna  River  at  WUliamsport,  Blacklick  Greek,  Brokenstraw  Greek  and  climatological 
records. 


CROOKED  CREEK. 


DESCRIPTION   OF   BASIN. 

Crooked  creek,  a  tributary  of  the  Allegheny  river  in  Armstrong 
county,  diains  approximately  290  square  miles.  Bising  in  numerous 
branches  in  the  west  central  part  of  Indiana  county,  it  follows  first 
a  general  soutliwesterly  course  through  a  coal  mining  and  farming 
region  to  the  Indiana-Armstrong  county  line,  and  then  turns  north- 
west through  a  sparsely  settled  farming  region  to  its  mouth  at  Boss- 
town,  a  total  distance  of  approximately  54  miles. 

This  basin  is  largely  deforested,  and  in  some  sections  the  hillsides 
are  bare.  The  elevation  of  the  source  of  Crooked  creek  is  about  1,400 
feet,  and  of  the  mouth  786  feet.  Near  the  headwaters  the  slope  is  steep, 
averaging  in  seven  and  one-half  miles  about  40  feet  per  mile,  while 
below  this  point  to  its  mouth,  a  distance  of  approximately  46  miles, 
the  rate  of  fall  is  very  uniform,  being  at  the  rate  of  7  feet  per  mile. 
The  principal  tributaries  are  Plum  and  Cherry  creeks.  This  creek 
flows  in  a  broad  valley,  which  lies  about  300  to  400  feet  below  the 
elevation  of  the  adjacent  hills,  the  bottom  is  stoty  and  the  stream 
tortuous  in  its  course. 
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Numerous  farming  and  coal  mining  villages  lie  in  this  drainage 
area,  and  some  of  these  obtain  water  supplies  from  the  stream  or 
its  tributaries.  The  stream  proper  is  badly  polluted  by  effluents 
from  coal  washing  at  the  mines. 

The  mean  annual  precipitation  over  this  watershed  is  from  40 
to  45  inches. 

The  discharge  has  been  measured  since  October  16,  1909,  at  Hile- 
man's  Farm,  approximately  3  miles  above  the  mouth. 


OHIO  BASIN-STATION  NO.  15 


CROOKED  CREEK  AT  HILEMAN'S  FARM,  ARMSTRONG  CO., 

PENNA. 


DESCRIPTION    OF    STATION. 

This  Station  was  established  on  October  16,  1909,  by  the  Water 
Supply  Commission  of  Pennsylvania,  in  co-operation  with  the  Flood 
Commission  of  Pittsburgh,  and  is  located  about  3  miles  above  the 
mouth,  and  about  3^  miles  from  Ford  City,  on  a  single  span,  steel, 
through  truss,  highway  bridge. 

The  channel  is  straight  for  800  feet  above,  and  500  feet  below  the 
station.  Both  banks  aie  high  and  do  not  overflow.  The  bed  of  the 
stream  is  rocky,  the  water  deep,  and  velocity  is  slight  at  low  stages. 

Discharge  measurements  aie  taken  from  the  downstream  side  of 
the  bridge  during  medium  and  high  stages,  and  by  wading  at  low 
stages.  The  initial  point  for  soundings  is  top  edge  of  bridge  seat, 
right  abutment. 

On  October  16,  1909,  a  staff  gage  was  bolted  to  the  upstream  face 
of  the  right  abutment,  but  on  January  16,  1910,  this  gage  was  car- 
ried away  by  the  ice.  On  February  3,  1910,  a  standard  chain  gage 
was  placed  on  the  upstream  handrail  near  the  right  bank.  Length 
of  chain  from  bottom  of  weight  to  markei'  is  22.70  feet.  The  eleva- 
tion of  zero  is  arbitrary  datum.  Bench  Mark  No.  1  is  on  top  of  stone 
in  upstream  face  or  wing  of  right  abutment,  2  inches  from  right  end 
of  stone;  stone  is  7th  course  down  from  bridge  seat,  and  8th  stone 
in  from  face,  6  feet  more  or  less  from  top  of  wall;  elevation  12.95 
feet  above  gage  datum.  The  gage  is  read  twice  daily  by  J.  T.  Hile- 
man. 

Since  the  establishment  of  this  station,  13  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE   MEASUREMENTS  OF  CROOKED  CREEK,   AT  HILBMAN'S 

FARM,  ARMSTRONG  COUNTY,  PA. 

(Drainage  area  979  square  miles.) 


No. 


Date. 


Hydrographer. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  CROOKED  CREEK,  AT  HILE- 

MAN'S  FARM,  ARMSTRONG  COUNTY,  PA. 

(Drainage  area  £79  square  mihsj 


Discharge  In  Second-feet. 


MONTH. 


Maxlmnm. 


Jannarj.    . 
February, 
March,     . . . 

April 

May 

Juno,  — 
July.  .... 
August,  . . 
Soptomber, 
October,  . 
November, 
December, 


1912. 


8180 


2790 

71S0 
4760 
8720 
8600 
4410 
SGO 
8500 


Ailnininio. 


106 


Mean. 


142 
41 
11 


440 

248 
1210 
641 
296 
&26 


Run-off. 


The    year. 


11 

474 

222 

725 

68 

964 

48 

6U 

28 

170 

77 

696 

1 

574 

Second-feet 

per  square 

mile. 


1.577 
0.871 
4.887 
2.297 
1.067 
1.885 
1.689 
2.599 
8.419 
2.190 
0.609 
2.136 


2.066 


Depth  In 
inches. 


1.818 
0.989 
5.000 
2.568 
1.219 
2.104 
1.969 
2.997 
8.815 
2.525 
0.880 
2.468 

28.082 


Note.— On   account  of  ice  conditions   the  dally   discharge  from  Feb.   18  to  March  14,    indusiTe. 
was  estlmatod  from  cUmatologlcal  records. 


BLACK  LICK  CREEK. 


DESCRIPTION   OF   BASIN. 

Black  Lick  creek,  one  of  the  largest  of  the  tributaries  of  the  Cone- 
maugh  river,  is  formed  by  the  junction  of  the  North  and  South 
Branches  on  the  line  between  Indiana  and  Cambria  counties  at  Vin- 
tondale.  It  thence  flows  westerly  through  the  southern  part  of  In- 
diana county  for  about  26  miles  to  its  mouth  near  Blairsville.  The 
total  drainage  area  tributary  above  its  mouth  is  412  square  miles. 
The  North  Branch  rises  in  the  southwestern  part  of  Carroll  town- 
ship, at  an  elevation  of  2,000  feet,  and  is  16  miles  long,  draining  70 
square  miles,  and  the  latter  rises  in  the  northern  part  of  Cambria 
township  and  is  approximately  the  same  length,  draining  48  square 
miles. 

In  its  extreme  upper  portion  the  North  Branch  flows  through  a 
steep  mountainous  country,  while  the  lower  portion  contains  more 
cleared  land,  is  more  inhabited  and  the  hills  are  lower  and  less  steep. 
The  watershed  of  the  South  Branch  is  similar  but  is  more  inhabited 
and  includes  considerable  bituminous  coal,  which  is  being  actively 
mined. 

The  valley  of  the  main  creek  is  rather  broad,  with  numerous  wide 
flat  areas,  similar  to  the  one  at  its  junction  vrtth  its  chief  tributary. 
Two  Lick  creek,  at  Josephine.  The  rounded  hills,  which  rise  some 
400  or  500  feet  on  either  side  are  often  wooded.  ^ 
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Below  the  forks  of  the  North  and  South  Branches  and  extending 
to  its  mouth  and  up  Two  Lick  creek,  is  an  extensive  bituminous 
coal  field.  The  main  valleys  are  largely  under  cultivation,  but  nu- 
merous tributaries  drain  areas  densely  covered  with  second  growth. 

The  slope  between  the  forks  and  mouth  is  18.3  feet  per  mile,  quite 
sluggish  at  some  points  and  exceedingly  rapid  at  others. 

The  North  and  South  Branches  and  Two  Lick  creek  are  all  used 
for  domestic  and  industrial  supply,  as  well  as  certain  other  tribu- 
taries, while  the  use  of  water  from  the  main  stream  and  the  tribu- 
tary by  coal  mines,  steel  works,  etc.  is  extensive. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
50  inches. 

The  discharge  has  been  measured  since  August  16th,  1904,  at  Black 
Lick,  just  below  the  mouth  of  Two  Lick  creek. 


OHIO  BASIN--STATION  NO.  16. 


BLACK  LICK  CREEK  AT  BLACK  LICK,  PENNA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Geological  Sur- 
vey on  August  16th,  1904.  On  July  15th,  1906,  it  was  discontinued 
by  the  Survey  and  on  January  8th,  1907,  it  was  re-established  by 
the  Water  Supply  Commission  of  Pennsylvania,  which  has  been 
operating  the  station  since  that  date.  It  was  originally  located  at 
a  covered  wooden  highway  bridge  one-quarter  of  a  mile  from  the 
railroad  station  at  Black  Lick,  but  during  September,  1905,  this 
bridge  was  torn  down  and  was  replaced  by  a  three-span,  steel, 
through  truss,  highway  bridge. 

The  channel  above  the  station  is  straight  for  2,000  feet,  while  be- 
low it  is  straight  for  250  feet,  to  an  island,  at  which  point  it  bends 
to  the  right.  The  right  bank  is  high  and  not  subject  to  overflow, 
while  the  left  bank  overflows  above  gage  height  11.5  feet.  The  bed 
is  of  gravel,  sand  and  boulders  and  is  permanent 

Discharge  measurements  are  made  from  the  upstream  side  of  the 
bridge  at  ordinary  stages;  from  a  coal  tipple  one-quarter  mile  above 
the  bridge  at  high  stages;  and  by  wading  above  the  bridge  at  ex- 
treme low  stages.  Initial  point  for  soundings  at  the  highway  bridge 
is  the  first  angle  post  in  upstream  handrail  at  left  bank. 
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A  standard  chain  gage  was  established  November  9th,  1905,  on 
the  present  bridge,  being  referred  to  the  same  datum  as  the  former 
gage  on  the  covered  bridge.  While  the  steel  bridge  was  under  con- 
struction, the  stage  of  the  creek  was  observed  on  a  staff  gage,  to  the 
same  datum  as  the  original  gage.  The  present  gage  is  bolted  to  the 
upstream  side  of  the  bridge.  The  length  of  the  chain  from  the  bot- 
tom of  the  weight  to  the  marker  is  20.16  feet.  The  elevation  of  zero 
is  arbitrary  datum.  Bench  Mark  No.  1  is  nail  in  first  maple  tree 
from  door  of  Maynard's  house,  one  foot  above  the  ground,  driven 
horizontally,  and  bent  over  one  inch  from  the  head;  elevation  13.92 
feet  above  gage  datum.  Bench  Mark  No.  2  is  head  of  four  spikes 
driven  into  the  root  of  a  large  maple  45  feet  from  edge  of  low  water 
and  about  190  feet  upstream  from  bridge;  elevation  12.96  feet  above 
gage  datum.  Bench  Mark  No.  3  is  upper  edge  of  horizontal  cross 
plate  at  elevation  of  guard  rail  on  upstream  side  of  bridge,  4.3  feet 
from  initial  point  for  soundings  elevation  14.43  feet  above  gage 
datum.    The  gage  is  read  twice  daily  by  D.  J.  Walling. 

Two  Lick  Creek  enters  the  stream  about  three-fourths  of  a  mile 
above  the  bridge.  Two  miles  upstream  is  a  ten-foot  wooden  dam  used 
by  the  Josephine  Furnace  and  Coke  Company  for  generating  elec- 
tricity for  their  plant. 

Since  the  establishment  of  this  station  26  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 


DISCHARGE   MEASUREMENTS    OF    BLACK    LICK   CREEK,    AT   BLACK 

LICK,  INDIANA  COUNTY,  PENNA. 

(Drainage  area  S86  square  miles.) 


No. 

Date. 
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1 
1 

Hydn^rapher. 
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2 

• 

g 

< 

• 

b 
1 

9 

1 

1 
1 

Q 

Remarks. 

22 

1 

1 

'       1912 

Boehrlnirer 

Feet. 

206 

208 

208 

20a 

209 

Sq. 
ft. 
985 

1846 

1294 
1?11 
1685 

Pt. 

per 

sec. 

2.41 

4.04 

8.R5 
8.51 
5.48 

Feet. 

5.80 

7.01 
6.72 
6.89 
8.60 

Sec. 
ft. 
2372 

6442 

4976 
4256 
9158 

Surface  marnt. 

1       1918 
22     Jiin.        9 

Reckord 

Sorface   msmt. 

24    Jan.       9 

Reckord 

Surface   msmt. 

25  '  Jan.        9 

Reckord 

Surface   mamt. 

26  1  Jan.     12 

1 

Reckord 

Surface   mamt. 

16 
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DISCHARGE  TABLE  FOR  BLACK  LICK  CREEK,  AT  BIxACK  LICK,   IN- 

DIANA  COUNTY,  FROM  JANUARY  1,  1912. 


. 

• 

• 

« 

• 

*a 

■4J 

** 

4J 

■M 

A 

A 

A 

a 

xa 

M 

■ 

M 

• 

U 

• 

M 

* 

bo 

■ 

it 
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C5 
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Feet. 

1 
Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.90 

8 

.20 

1140 

.60 

4466 

.80 

9820 

.10 

15210 

2.00 

21 

.80 

1280 

.60 

4655 

.90 

9640 

.20 

la'OO 

.10 

as 

.40 

1320 

.70 

4866 

9.00 

<          9760 

.80 

15795 

.20 

69 

.60 

1420 

.80 

6060 

.10 

9990 

.40 

16<>90 

.ao 

83 

.60 

1620 

.90 

6Z70 

.20 

10220 

.50 

16890 

.40 

110 

.70 

163) 

7.00 

6480 

.80 

10460 

.60 

16^90 

.60 

140 

.80 

1780 

.10 

5690 

.40 

lOTOO 

.70 

leSK 

.60 

172 

.90 

1845 

.20 

6900 

.60 

1085O 

.80 

17300 

.70 

206 

6.00 

1960 

.80 

6110 

.60 

11200 

.90 

17610 

.80 

240 

.10 

209O 

.40 

6820 

.70 

11460 

12.00 

17920 

.90 

280 

.20 

2230 

.50 

6580 

.80 

11700 

.10 

18:35 

8.00 

820 

.80 

2876 

.60 

6740 

.90 

11960 

.20 

ISKO 

.10 

866 

.40 

2526 

.70 

6060 

10.00 

12200 

.30 

iss9r> 

.20 

41j6 

.50 

2680 

.80 

7160 

.10 

12460 

.40 

1          1S«4) 

.30 

470 

.60 

2840 

.90 

7870 

.20 

12720 

.60 

lfl5.^5 

.40 

526 

.70 

3000 

8.00 

7680 

.80 

12985 

.60 

l^fi'SO 

.50 

600 

.80 

8166 

.10 

7790 

.40 

13250 

.70 

afk2S5 

.60 

600 

.90 

8885 

.20 

8000 

.60 

1^26 

.80 

20640 

.70 

780 

6.00 

8610 

.80 

8220 

.60 

18800 

.90 

21Q2D 

.80 

806 

.10 

8690 

.40 

8440 

.70 

14000 

13.00 

21400 

.90 

^ 

.20 

8876 

.60 

8680 

.80 

14860 

4.00 

966 

.80 

4060 

.60 

8880 

.90 

14640 

.10 

1060 

.40 

4256 

.70 

9100 

11.00 

14920 

Note.— This  table  is  only   applicable  subsequent  to  Jan.   1,   1912,    and  is  based   on  5  dlachai^e 
niBints.   made  dnring  1912  and  1918,    together  with  former  curve. 
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ESTIMATED    MONTHLY    DISCHARGE    OF    BLACK    LICK    CREEK,    AT 

BLACK  LICK,  INDIANA  COUNTY,  PA. 

(Drainage  area  S86  square  miles  J 


MONTH. 


1912. 

January,     

Febrnaiy ,    

March,     

^'!' .:::::::::::::::: 

June,    

July 

Aogust 

8ei>tember,    

October,    

November,     

December,     

The    year 


Discharge  in  Second-feet. 


Maximum. 


U80 

11200 

15200  > 

4300 

6240 

11200 

TWO 

974 

ZIOOO  I 

6690 

1090 

2500 


21000 


Minimum. 

Mean. 

106 

675 

119 

1006 

880 

268S 

6T7 

1217 

28S 

906 

69 

689 

86 

791 

196 

489 

aoc» 

1716 

166 

8CS 

192 

419 

196 

622 

69 

997 

Run-off. 


Second -feet 

per  square 

mile. 


1.749 
2.606 
6.692 
3.158 
2.352 
1.785 
2.M9 
1.267 
4.446 
2.210 
1.066 
1.611 


LOYALHANNA  CREEK. 


2.684 


Depth  In 
inches. 


2.017 
2.811 

7.T15 
S.51S 
2.711 

i.sez 

2.36^ 
1.4«1 
4.9ei 

1.30 
1.8>7 

S:>.1C8 


DESCRIPTION'   OF    BASIN. 

Loyalhanna  creek,  an  important  tributary  of  the  Kiskiminetas 
river,  draining  an  area  of  approximately  300  square  miles,  rises  in 
the  southern  part  of  Westmoreland  county,  Pa.,  and  flows  in  a 
northerly  direction,  for  a  distance  of  about  45  miles,  to  its  mouth, 
at  the  junction  of  the  Conemaugh  and  Kiskiminetas  rivers.  In  the 
upper  watershed  it  flows  through  a  narrow  valley  between  Chestnut 
and  Laurel  Eidges,  the  course  being  very  circuitous,  for  a  distance 
of  about  15  miles,  at  which  point  it  breaks  through  Chestnut  Ridge 
into  a  succession  of  wide,  flat,  bottom  lands,  well  populated  by  a 
coal  mining  and  agricultural  community,  the  hills  becoming  low  and 
rolling.  The  fall  of  the  creek,  from  the  foot  of  Chestnut  Ridge  to 
its  mouth,  a  distance  of  approximately  27  miles,  is  rather  uniform 
at  the  rate  of  about  six  feet  per  mile.  In  the  gap  through  Chestnut 
Ridge  the  creek  falls  100  feet  in  a  distance  of  four  miles,  or  at  the 
rate  of  25  feet  per  mile.  There  are  numerous  large  tributaries  at 
the  headwaters  of  this  stream,  but  in  its  lower  reaches  they  become 
much  smaller  and  are  of  little  importance.  The  stream  is  polluted 
by  mine  waste  from  Chestnut  Ridge  to  its  mouth.  There  are  numer- 
ous towns  in  this  watershed,  the  largest  of  which  are  Latrobe  and 
Ligonier. 

Loyalhanna  creek  and  several  of  its  tributaries  are  used  for  com- 
mercial and  industrial  water  supply  purposes. 
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The  mean  annual  precipitation  over  the  upper  watershed  is  from 
45  to  50  inches,  while  the  lower  portion  is  from  35  to  45  inches. 


OHIO  BASIN— STATION  NO.  17. 


LOYALHANNA  CREEK  NEA^NEW  ALEXANDRIA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  on  October  7th,  1910,  by  the  Flood 
Commission  of  Pittsbuigh,  and  is  located  on  the  single  span,  steel, 
through- truss,  highway  bridge  about  one  and  one-half  miles  below 
New  Alexandria,  Westmoreland  County,  Pa.  On  February  1st, 
1912,  the  station  was  discontinued,  but  again  re-established  on  April 
24th,  1912,  by  the  Water  Supply  Commission  of  Pennsylvania.  Dur- 
ing the  period  Juue  18th  to  July  31st,  inclusive,  no  readings  were 
taken  due  to  repairs  being  made  to  the  bridge  upon  which  the  gage  is 
located. 

The  channel  is  straight  for  one  hundred  feet  above  and  one  thou- 
sand feet  below  the  station.  The  right  bank  is  high  and  does  not 
overflow,  while  the  left  bank  overflows  during  extreme  high  stages. 
The  bed  is  gravelly  and  is  permanent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge  and  by  wading  either  above  or  below  the  station  during 
low  water.  The  initial  point  for  soundings  is  top  edge  of  left  abut- 
ment, 1.8  feet  from  end  of  handrail,  downstream  side  of  bridge. 

A  chain  gage  is  fastened  to  the  floor  of  the  bridge,  eighty-seven 
feet  from  the  initial  point  for  soundings,  downstream  side.  The 
length  of  the  chain  from  the  bottom  of  the  weight  to  the  center  of 
the  marker  is  24.11  feet.  The  elevation  of  zero  is  909.34  feet.  Bench 
Mark  No.  1  is  bridge  seat,  west  side,  north  abutment;  elevation 
932.89  feet  or  23.55  feet  above  gage  datum.  The  gage  is  read  by  S. 
A.  Hollis. 

Since  the  establishment  of  this  station  17  discharge  measurements 
have  been  made. 

The  data  prior  to  1912,  which  was  furnished  by  the  Flood  Com- 
mission of  Pittsburgh,  will  be  found  in  the  1910-11  Report  of  the 
Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  LOTALHANNA  CREEK,  NEAR  NEW 

ALEXANDRIA,  WESTMORELAND  COUNTY,  PA. 

(Drainage  area  270  square  mUeaJ 
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o 

t« 
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No. 

Date.            Hydrographer. 

M 
$ 

■3 

^ 

Remarks. 

"     " 

«4 

► 

.a 

C 

a 
1 

o 

g 

< 

s 

0) 
Ml 

2> 

' 

Pt. 

4 

Feet. 

Sq. 

per 

Feet. 

Sec. 

1912 

ft. 

sec. 

1 

ft. 

11    Dec.       7    Bocbringer,    

130 

296 

1.42 

2.68 

421    0.6  mamt. 

191B 

1 

12 

Jan.       9 

Boehrlnger  &  Hink- 

144 

732 

3.40 

5.60 

1 

2452    Surface   msmt. 

18 

Jan.      IQ 

Boehrlnger  &  Hink- 

13S 

558 

2.87 

4.40 

1602  '  Surface   msmt. 

ley. 

14  ,  Jan.      10  :  Boehrinffer  &  Hink- 

138 

544 

2.67 

4.30 

1461    Surface  msmt 

ley. 

15 

Jan.      10 

Boehrlnger  &  Hlnk- 
ley. 

138 

525 

2.55 

4.19 

1341    Surface   mamt. 

16 

Jan.      10 

Boehrlnger  &  Hlnk- 
ley. 

136 

523 

2.38 

4.11 

1247    Surface   munt. 

1 

17 

Jan.      11 

Boehrlnger  &  Hlnk- 
ley. 

141 

577 

2.S9 

4.52 

1671    Surface   msmt. 

DISCHARGE  TABLE  FOR   LOYALHANNA   CREEK,    NEAR   NEW  ALEX- 
ANDRIA, WESTMORELAND  COUNTY,  FROM  JAN.  1,  1912. 
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Feet. 

Sec.  ri. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

'    Sec.  ft. 

Feet. 

1 

Sec.  ft. 

1.50 

88 

.70 

400 

.90 

1145 

-.10 

ZIOO 

.30 

8815 

.60 

62 

.80 

445 

4.00 

1220 

.20 

2190 

.40 

8480 

.70 

72 

.90 

497 

.10 

1296 

.30 

1          22S0 

.60 

8545 

.80 

96 

3.00 

560 

.20 

1370 

.40 

2375 

.60 

3«60 

.90 

120 

.10 

606 

.80 

1445 

.50 

2470 

.70 

ZTTh 

2.00 

145 

.20 

666 

.40 

1525 

.60 

2570 

.80 

SS90 

.10 

175 

.80 ; 

725 

.50 

1605 

.70 

2670 

.90 

4010 

.20 

206 

.40 

790 

.60 

1685 

.80 

zno 

7.00 

4130 

.80, 

288 

.50 

860 

.70 

1765" 

.90 

2876 

1 

.40' 

272 

.60, 

980 

.80 

1845 

6.00 

2980 

.50 

312 

.70  ' 

1000 

.90 

1930 

.10 

3090 

.60 

866 

.80, 

1070 

5.00 

2015 

.20 

8300 

Note.— This   table   Is  only   applicable  subsequent   to  Jan.    1,    1912,    and   is  based  on  7  discharge 
measurements  made  during  1912-1913,   together  with  former  curve. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  LOYALHANNA  CREEK.  NBAH 
NEW  ALEXANDRIA,  WESTMORELAND  COUNTY. 

(Drainage  area  270  square  miles.) 


MONTH. 


Discharge  In  Second-feet. 


January,    . 

May 

Anguat. 
September, 
October,     . 
November, 
December, 


1912. 


Maximum. 


Minimum. 


Mean. 


Run-off. 


Second -feet  ' 
per  square       Depth  in 
mile.  inches. 


961 
S4S0 

2570 

i&ao 

497 
1440 


Z15 
206 
206 
120 
120 
96 


627 
426 
5«6 
629 
4S6 
220 
272 


l.»S2 
1.574 
2.068 
8.SS0 
1.6U 
0.815 
1.007 


2.250 

i.m 

2.412 
2.600 
l.S-7 
0.910 
l.lCl 


Note.— Creek  frozen  Jan.  9-19  Inclusive,  discharge  estimated  from  Black  Lick  Creek  at  Black 
Lick.  Feb.  l-April  23,  inclusive,  station  not  in  operation.  June  18-July  SI.  iDolosive,  no 
readings  taken  on  account  of  repairs  to  bridge. 


KISKIMINETAS  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Kiskiminetas  river  is  the  largest  tributary  of  the  Allegheny, 
and  joins  it  near  Freeport,  approximately  30  miles  above  Pittsburgh, 
in  the  northwestern  corner  of  Westmoreland  county.  It  is  known 
by  this  name  as  far  as  the  mouth  of  Loyalhanna  creek,  27  miles  up, 
above  which  point  it  is  called  the  Conemaugh  river.  The  total  drain- 
age area  of  the  stream  is  1892  square  miles. 

The  Conemaugh  river  proper  is  formed  by  the  junction  of  the  Little 
Conemaugh  and  Stony  creek  at  Johnstown.  The  former  rises  in  the 
western  slope  of  the  AUeghenies,  on  the  eastern  boundary  of  Cam- 
bria county,  and  flows  northwesterly  for  about  30  miles  to  Johns- 
town. Stony  creek  rises  in  the  high  ridges  of  Somerset, county,  and 
flows  northerly  for  about  40  miles  to  Johnstown.  Both  are  rapid 
mountain  streams,  with  steep  slopes,  rocky  beds,  and  abrupt  valleys. 
Their  watersheds  have  been  practically  deforested,  although  the 
higher  ridges  are  well  timbered  now  with  second  growth.  The  water- 
shed of  Little  Conemaugh  river,  including  about  188  square  miles, 
is  densely  inhabited,  lying  in  the  Cambria  county  bituminous  coal 
field,  and  contains  large  areas  of  agricultural  land.  The  Stony  creek 
watershed  is  much  less  densely  populated,  although  the  Somerset 
county  coal  field,  in  the  lower  section,  supports  a  large  population. 
The  upper  watershed  is  sparsely  inhabited,  but  little  farmed^  and 
contains  considerable  forest  areas.  The  headwaters  of  both  streams 
rise  at  an  elevation  of  about  2,300  feet,  and  at  Johnstown  are  at  ele- 
vation 1,160  feet. 


k 
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Below  Johnstown  the  river  follows  a  winding  course  in  a  general 
northwesterly  direction,  between  precipitous  banks  and  high  tim- 
bered hillsides,  and  over  a  rocky  bed,  its  slope  to  the  mouth  of 
Loyalhanna  creek,  50  miles,  being  6.8  feet  per  mile.  From  this  latter 
point  to  the  mouth  at  Freeport  on  the  Allegheny  river,  the  slope  is 
at  the  rate  of  approximately  4  feet  per  mile. 

The  most  important  tributaries  below  Johnstown  are  Black  Lick 
creek,  drainage  area  approximately  412  square  miles,  from  the  north 
near  Blairsville,  and  Loyalhanna  creek,  from  the  southeast.  Both  of 
these  streams  drain  thickly  populated  and  well  cultivated  areas,  con- 
taining large  bituminous  coal  fields. 

The  stream  is  lined  with  railroads,  towns  and  industrial  plants, 
while  numerous  coal  mines  are  operated  on  the  bordering  hills  and 
in  the  vallevs  of  its  tributaries. 

The  Kiskiminetas  river  carries  vast  quantities  of  alluvial  material 
washed  from  its  banks,  and  from  the  cultivated  fields  in  its  water- 
shed, and  is  usually  of  a  yellow  color,  due  to  this  cause,  and  to  the 
sulphur  in  the  coal  mine  water  of  which  it  receives  a  considerable 
amount. 

The  tributaries  of  the  Little  Oonemaugh  above  Johnstown  are  al- 
most without  exception  used  for  water  supply  purposes,  some  of 
these  containing  large  storage  basins.  At  a  point  a  short  distance 
above  Johnstown  this  stream  has  been  known  to  be  absolutely  dry 
in  seasons  of  drought.  The  lower  tributaries  of  Stony  creek,  and 
the  tributaries  of  the  Conemaugh  are  similarly  almost  all  in  use  for 
domestic  or  industrial  supply.  The  main  river  is  little  used  for  do- 
mestic supply,  but  many  large  industrial  plants  use  it. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
50  inches. 

The  discharge  has  been  measured  since  May  29th,  1907,  at  Avon- 
more,  approximately  24  miles  above  its  mouth. 


OHIO  BASIN— STATION  NO.  18. 


KISKIMINETAS  RIVER  AT  AVONMORE,  PA. 


DESCRIPTION    OF    STATION. 

This  station  was  established  by  the  United  States  Geological  Sur- 
vey on  May  29th,  1907,  and  has  been  maintained  and  operated  since 
that  date  by  the  Water  Supply  Commission  of  Pennsylvania.  It 
is  located  on  the  highway  bridge  on  road  leading  to  P.  E.  R.  Sta- 
tion, Avonmore,  about  ^  mile  from  the  village  of  Avonmore, 
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The  channel  is  straight  for  400  feet  above  and  300  feet  below  the 
station.  The  right  bank  is  high  and  rocky,  while  the  left  bank  is 
low  and  overflows.     The  bed  is  of  sand  and  is  not  permanent. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge.  The  initial  point  for  soundings  is  left  face  of  lower 
right  masonry  guard  fence  of  approach  to  bridge. 

A  standard  chain  gage  is  fastened  to  the  handrail  on  the  down- 
stream side  of  the  bridge.  The  length  of  chain  from  bottom  of 
weight  to  the  marker  is  38.34  feet.  The  elevation  of  zero  is  arbi- 
trary datum.  Bench  Mark  No.  1  is  northwest  corner  of  right  ma- 
sonry bridge  seat  marked  "B.  M.;"  elevation  33.267  feet  above  gage 
datum.  Bench  Mark  No.  2  is  east  rail  of  west  track  of  highway 
crossing;  elevation  35.034  feet  above  gage  datum.  The  gage  is  read 
twice  daily  by  Balph  Fickes. 

Since  the  establishment  of  this  station  22  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS   OF   KISKIMINETAS  RIVER,   AT  AVON- 
MORE,  WESTMORELAND  COUNTY,  PA. 

(Drainage  area  l^JtO  square  miles. J 


No.       Date. 


20 
21 
22 


1912. 


Dec. 
Jan. 
Jan. 


6, 
9. 


Hydrograpber. 


Boehringer, 


Boehringer  &  Hink- 
ley. 

9,  ',  Boehringer  &  Hink- 
ley. 


a 

O 

b 

• 

S 

1 

♦J 

^ 

"3 

1 

ts 

d 

a> 

t 

ei 

tifi 

< 

s 

O 

Q 

Remarks. 


Feet. 
402 

Sq.  ft. 

1S50 

Ft. 

per 

eec. 

1.78 

Feet. 
6.43 

Sec.  ft. 
3306 

• 

0.6  mea.snroment. 

457 

6609 

4.06 

17.53 

26947  >  Surface     measarement. 

452 

6378 

4.01 

17.00 

2S600 

Surface    measaroneat. 
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DISCHARGE    TABLE    FOR    KISKIMINETAS    RIVER,    AT    AVONMORE, 

WESTMORELAND  COUNTY,  FROM  MAY  29,  1907. 


• 

• 

• 

• 

^ 

ja 

A 

Xi 

ft 

i 

4 

if 

• 

1 

A 

1 

1 

i 

1 

• 

9 

1 

J3 

1 

§ 

1 

§ 

§ 

X] 
R 

°  ^  . 

Q 

O 

Q 

-   _   _  _ 

o 

Q 

O 

Q 

O 

Q 

Feet. 

Sec.-ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec.-ft. 

Feet 

Sec.-ft. 

Feet. 

Sec.-ft. 

1.42 

0 

7.00 

5000 

.60 

16370 

.20 

38140 

.80 

53040 

.50 

30 

.10 

6140 

.70 

,    16685 

.30 

33470 

.90 

53420 

.60 

60 

.20 

6280 

.80 

'    16900 

.40 

38800 

24.00 

53800 

.70 

90 

.30 

5425 

.90 

17165 

.60 

84130 

.10 

54190 

.80 

125 

.40 

6570 

13.00 

17430 

.60 

84470 

.80 

54580 

.90) 

165 

.60 

5720 

.10 

17700 

.70 

34810 

.80 

54970 

2.00 

205 

.60 

6870 

.20 

17970 

.80 

85150 

.40 

55360 

.10  1 

245 

.70 

6025 

.30 

18%0 

.90 

.3r.490 

.50 

5o7.:0 

.20. 

286 

.80 

6180 

.40 

18530 

19.00 

35830 

.60 

56140 

.30 

330 

.90 

6340 

.50 

18810 

.10 

36170 

.70 

56530 

.40  1 

380 

8.00 

6500 

.60 

19090 

.20 

86510 

.80 

56920 

.50, 

430 

.10 

6660 

.70 

19370 

.80 

36850 

.90 

67310 

.60' 

480 

.20 

68?0 

.80 

19650 

.40* 

87190 

85.00 

57700 

.70  1 

580 

.30 

6965 

.90 

19930 

.60' 

37">40 

.10 

58090 

.80 

580 

.40 

7150 

14.00 

20210 

.60' 

37890 

.20 

68480 

.90 

640 

.50 

7320 

.10 

2(H90 

.70 

3S240 

.80 

58870 

3.00  1 

706 

.60 

7490 

.20 

2ono 

.80  ' 

3S590 

.40 

59260 

.10 

770 

.70 

7660 

.30 

21060 

.90  1 

38940 

.60 

69650 

.20 

835 

.80 

7880 

.40 

21330 

20.00, 

39290 

.60 

60040 

.90 

900 

.90 

8005 

.50 

Z1610 

.10  ' 

39640 

.70 

60430 

.40, 

970 

9.00 

8180 

.60 

21890 

.20  ' 

39990 

.80 

60620 

.50 

1046 

.10 

8365 

.70 

22180 

.80, 

40340 

.90 

61210 

.60 

1125 

.20 

8535 

.80 

22170 

.40, 

40690 

26.00 

61600 

.70, 

1206 

.30 

8715 

.90 

22760 

.50 

41010 

.10 

61990 

.SO 

1290 

.40 

8900 

16.00 

28060 

.60! 

41390 

.20 

62380 

.90' 

1375 

.50 

9065 

.10 

28340 

.70 

41740 

.80 

62770 

4.00. 

1460 

.60 

9275 

.20 

23640 

.80' 

42090 

.40  < 

63160 

.10 

1545 

.70 

9466 

.30 

23940 

.90 

42440 

.60' 

63550 

.20! 

1680 

.80 

9660 

.40 

24240 

21.00  , 

42790 

,60 ; 

63010 

.30 

1720 

.90 

9855 

.50 

24540 

.10  ' 

43140 

.70' 

64330 

.40 

1810 

10.00 

10050 

.60 

24840 

.20  1 

43490 

.80  1 

64720 

.50 

1910 

.10 

10250 

.70 

25140 

.80  1 

43840 

.90  1 

65110 

.60' 

2010 

.20 

1M30 

.80, 

25440 

.40 

44190 

27.00, 

65500 

.70, 

2110 

.30 

10660 

.90; 

25740 

.50 

44550 

.10 

65890 

.SO 

2220 

.40 

1087O 

16.00' 

26050 

.60  ' 

44910 

.20' 

66280 

.90 

2830 

.50 

11080 

.10' 

26360 

.70  1 

46270 

.30 

•it«70 

5.00, 

2446 

.60 

11300 

.20  1 

26670 

.80, 

46680 

.40 

67UC.0 

.10 

2560 

.70' 

11520 

.30 

269S0 

.90 

45990 

.60 

674.)0 

.20 

2680 

.80' 

11750 
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27290 

22.00* 

46350 
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67^40 
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.90' 
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27600 
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46710 

.70  ! 

OS230 

.40  , 

2920 
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12230 
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27920 

.20. 

47070 

.80' 

'Jib20 

.50' 

SOlD 
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12470 

.70, 

28240 

.80  , 

47430 

.90  1 

69010 

.60  1 

3170 

.20 

12710 

.80' 

28560 

.40  1 

47790 

28.00  1 

€9<00 

.70, 

8296 

.80  1 

12960 

.90  1 

28880 

.60  1 

48150 

.10  1 

69790 

.80 

3420 

.40. 

13210 

17.00  1 

29200 

.60 

48520 

.20; 

70180 

.90 

3550 

.50 

13470 

.10 

29520 

.70 

48890 

.80, 

70670 

6.00, 

8680 

.60  ' 

13730 
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29840 
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49260 
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70960 

.10 

3810 

.70  1 

18990 

.30 

80170 
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49630 

.50 

71350 

.20  1 

3940 

.80 

14250 
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80600 

28.00 

50000 
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14515 
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80630 
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60380 

.70 

721 30 
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31160 
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.10 

15015 
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81490 

.30. 

61140 
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4460 
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15310 
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31820 
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51520 

29.00 

73300 

.70  , 

4595 
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15575 
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32150 

.50 

61900 

80.00 
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4730  1 
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15840 

18.00  1 

32480 

.60 

62280 

31.00 

81300 

W  ' 

4866 
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16105 
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1 

32810 

.70  1 
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H3STIHATBD   MONTHLY   DISCHARGE   OF   KISKIMINETAS    RIVER,    AT 

AVONMORE,  WESTMORELAND  COUNTY. 

(Drainage  area  l,7$0  square  miles.) 


MONTH. 


Jannary.    . 
X'ebruary, 
Idarcb,    . . . 

April 

May 

Jane,    

July 

August,     . . 
September, 
October,   . . 
November, 
December, 


1912. 


The  year, 


Dischar^  in  Second -feet. 


Maximum. 

Minimum. 

36366 

6»i00 

iiio 

10200 

2680 

17200 

1260 

.26800 

490 

27900 

490 

9010 

1140 

47400 

1190 

12200 

868 

7590 

802 

9700 

900 

Mean. 


8220 
4390 

moo 

4770 
S980 
2670 
4900 
2670 
6260 
2850 
2130 
2000 


4240 


Bnn-ofl. 


Kecond-feet 

per  sqaare 

mile. 


1.872 
3.662 
6.463 
2.773 
2.814 
1.662 
2.849 
1.662 
3.640 
1.667 
1.288 
1.163 


2.468 


Depth  in 
inches. 


2.158 
2.762 
7.440 
3.094 
2.668 
1.731 
3.286 
1.789 
4.061 
1.910 
1.381 
1.341 


83.610 


Note.— Frozen  Jan.  6-Feb.  26,  inol.  Ice  broke  and  gorged  Jan.  19  and  gorge  remained  until 
Feb.  27,  when  it  went  out  at  1:30  a.  m.  Dally  discharge  estimated  from  Black  Lick  creek  at 
Black  Lick,   and  climatological  records. 


SHENANGO  RIVER. 


DESCRIPTION  OP  BASIN. 

The  Shenango  river,  which  forms,  with  the  Mahoning  river,  at  a 
point  about  5  miles  south  of  New  Castle,  Lawrence  county,  the  Bea- 
ver river,  rises  in  the  southwestern  part  of  Crawford  county,  Penn- 
sylvania, about  5  miles  southeast  of  Conneaut  Lake,  in  the  Py  ma  tun- 
ing Swamp.  The  general  course  of  the  stream  is  southerly  with  nu- 
merous large  sweeps  to  the  east  and  west,  crossing  once  for  a  short 
distance  into  Ohio  but  immediately  returning  into  Pennsylvania. 
The  total  length  from  the  head  of  Pymatuning  Swamp  to  the  junc- 
tion with  the  Mahoning  river  is  approximately  80  miles  and  the 
drainage  area  above  the  mouth  is  1,080  square  miles,  of  which  793 
are  in  Pennsylvania* 

The  main  tributaries  of  the  stream  are  the  Little  Shenango,  which 
joins  it  at  Greenville,  from  the  east;  Pymatuning  creek,  from  the 
west,  just  above  Sharpsville;  Big  Yankee  run,  from  the  west  at 
South  Sharon;  Deer  creek  from  the  west  just  below  Pulaski;  and 
Neshannock  creek,  Jrom  the  east  at  New  Castle,  the  latter  being  by 
far  the  largest,  draining  approximately  243  square  miles. 
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The  upper  portion  of  the  watershed  lies  within  the  once  glaciated 
area  and  the  main  river  and  its  major  tributaries  all  find  their 
sources  in  extensive  swamp  areas,  while  their  valleys  are  broad  and 
flat.  Descending  the  main  stream,  however,  the  valley  becomes  mo: «» 
narrow  and  the  hillsides  more  abrupt  until  near  the  mouth  the  val- 
ley again  l^ecomes  wide  and  flat.  A  large  portion  of  the  watershed 
is  under  cultivation  and  the  timber  areas,  except  in  the  swamps, 
are  not  extensive. 

The  slope  of  the  stream  through  the  swamp,  for  the  first  20. miles 
of  its  course,  is  at  approximately  2  feet  per  mile,  becoming  a  little 
more  rapid  as  it  descends,  its  fall  through  Mercer  county  being 
about  3  feet  per  mile.  The  total  slope  from  its  source  in  Pymatun 
ing  Swamp,  at  elevation  about  1,020,  to  its  mouth,  at  elevation  about 
760,  is  260  feet,  or  3.25  feet  per  mile. 

From  Greenville  northward  the  watershed  is  not  thickly  inhabited, 
but  southward  from  this  point  industries  are  more  or  less  congeste<l 
and  the  valley  is  thickly  populated,  becoming  more  so  as  the  moulh 
is  approached.  The  principal  towns  along  the  main  stream,  going 
southward,  are  Jamestown,  Greenville,  Sharpsville,  Sharon,  South 
Sharon,  or  Farrell,  Pulaski  and  New  Castle,  the  combined  popula 
cion  of  which  is  approximately  75,000.  Some  of  these  towns  obtain 
their  water  supply  from  the  Shenango  liver  and  the  stream  is  very 
largely  used  by  the  steel  plants,  railroads  and  other  industries  which 
are  numerous  in  this  valley.  A  small  amount  of  water  power  only 
is  developed  on  this  stream,  largely  at  grist  and  flour  mills,  the  total 
installation  not  amounting  to  over  600  horsepower. 

The  mean  annual  precipitation  over  the  upper  portion  of  this 
watershed  is  about  40  inches,  decreasing  as  the  mouth  is  approached. 

The  discharge  of  the  stream  has  been  measured  since  September, 
1909,  at  Sharon,  Pa.,  and  at  Turnerville,  Crawford  county,  since 
February  1,  1912. 


OHIO  BASIN— STATION  NO.  19. 


SHENANGO  RIVER  AT  TURNERVILLE,  CRAWFORD 

COUNTY. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission 
of  Pennsylvania  on  February  1st,  1912,  and  is  located  on  a  single 
span,  steel,  through  truss,  highway  bridge  at  Turnerville,  the  bridge 
having  a  total  span  of  105  feet. 
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The  channel  above  and  below  the  station  is  straight  for  200  feet. 
The  right  bank  overflows  during  extreme  floods,  while  the  left  bank 
is  bigh  and  is  not  subject  to  overflow.  The  bed  is  composed  of  gravel 
and  is  fairly  permanent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  and  by  wading  at  a  liffle  below  the  station.  The  initial 
point  for  soundings  is  top  edge  of  east  abutment,  downstream  side. 

A  standard  chain  gage  is  fastened  to  the  downstream  hand  rail. 
The  length  of  chain  from  bottom  of  weight  to  marker  is  24.54  feet. 
The  elevation  of  zero  is  970  feet  above  mean  sea  level.  Bench  Mark 
No.  1  is  a  chisel  mark  on  the  south  end  of  the  east  abutment;  eleva- 
tion,  987.084  feet  above  mean  sea  level,  or  17.084  feet  above  zero  of 
gage.  There  is  also  a  leference  mark  filed  on  middle  upright  post 
of  downstream  tiuss  at  elevation  993.104  feet  above  mean  sea  level, 
or  23.104  feet  above  zero  of  gage. 

Theie  is  also  a  staff  gage  located  on  the  downstream  side  of  the 
east  abutment,  graduated  from  zero  to  10  feet,  the  elevation  of  zero 
of  which  is  976  feet  above  mean  sea  level,  and  is  referred  to  B.  M. 
No.  1.  This  gage  is  read  occasionally  during  ice  periods  and  all  read- 
ings taken  on  the  same  have  been  reduced  six  feet  to  correspond  with 
the  readings  on  the  chain  gage.  The  gage  is  read  once  daily  by  S. 
A.  Marvin. 

Since  the  establishment  of  this  station  16  discharge  measurements 
have  been  made. 
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DISCHARGE   MEASUREMENTS    OF    SHENANGO    RIVER,    AT   TURNER- 

VILLE,  CRAWFORD  COUNTY,  PA. 

(Drainage  area  150  square  miles.) 


No. 


1913. 

1  Feb.    12. 

2  Mar.     8. 
S    Mar.    18. 

4  Mar.   20, 

5  Mar.    26, 

6  i  ApHl    4. 

7  I  April  10, 

8  •  April  SO, 
9 

10 
U 


April  30, 
May    SO, 

Aug.  u. 


12  :  Aug.    2B. 

13  Sept.  25, 

14  Sept.  80, 

15  Oct.      5, 
191S. 

16  May    24, 


Hydrograpber. 


Haslam,    — 

Ferris 

Ferris,     

Ferris,     

Haslam,    — 

Haslam 

Ferris 

Ferris,     . . . . , 

Ferris 

Haslam,    ... 
Ferris 

Ferris,     . . . . . 
Haslam,    ... 
Langenhelm, 
Haslam,    . . . 

Haslam,    . . . 


• 

a 

• 

.a 

«4 

o 

> 

1 

1 

§ 

§ 

•8 

s 

•5 

s 

o 

Q 

80 

92 

108 

108 

100 

108 

108 

108 

103 

59 

65 


Feet.  '  Sq.  ft. 


151 
170' 
902 
889  i 
568  , 
648  I 
481 
845  , 
352  ' 
147  I 
128 


Ft. 

per   . 

sec.  I 
0.68 
0.96; 
2.25' 
2.27  • 
1.67 
1.71 

1.38 ; 

1.15  I 
1.18  I 
0.49 
0.24 


Feet.  .  Sec.  ft. 


6.85 
6.8S 
12.14 
11.60 
8.94 
9.73 
7.63 
6.78 
6.86 
4.50 
4.12 


I 


65 

165 

0.62 

4.80' 

61 

153 

0.52 

4.61 

66 

184 

0.82 

4.28 

52 

120 

0.17 

8.96 

65 

127 

0.23 

4.10 

102 

168 

2028 

1902 

948 

mo 

598 

897 

414 

72 

81 

102 
79 
48 

20 

29 


I  Ice  coT^r. 
Ice  coTer. 
Ice  ooTer. 


Msmt.    at    riffle    below 
statloii. 


Blsmt.    at    rifSe    below 

station. 
Msmt.    at    riffle    below 

station. 


DISCHARGE    TABLE    FOR    SHENANGO     RIVER,     AT    TURNERVTLLE, 
CRAWFORD  COUNTY,  FROM  FEBRUARY  1,  1912. 
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.90 

114 
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.90 

940 

.80 
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.10 
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9.00 
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.90 
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8 
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1683 

.60 

6 

.40 

174 

.80 

507 
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1080 

.10 

1721 

.60 

7 

.60 
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.40 

680 

.80 

1060 

.20 

1764 
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9 

.60 

200 

.60 

556 
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1090 

.80 

1806 

.80 

12 

.70 

214 
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680 
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U20 
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1S50 

.90 

16 

.80 

229 

.70 

606 
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1166 
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1895 

4.00 

22 

.90 

244 

.80 

630 

.70 

1190 

.60 

1940 

.10 
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6.00 
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ESTIMATED  MONTHLY  DISCHARGE  OF  SHENANGO  RIVER,  AT  TURN- 

ERVILLE,   CRAWFORD  COUNTY,   PA. 

(Drainage  area  ISO  square  miles. ) 


Discbaige  in  8econd-feet. 


MONTH. 


Max  Imam.     Minimum. 


February, 
Marcbt    ... 

Aprtl 

May,    

June,    

July 

August,     . . 

September, 

October,     . 

November, 

December, 


1912. 


1480 
525 
182 
44 
114 
lOS 

20(0 
316 
442 


BOB-Off. 


Second-feet 

per  square 

mile. 


1.780 
S.MO 

i.iao 
o.sao, 
0.100 ! 

9.207. 

0.298 
2.423 
1.207  ; 

1.1S3 


Depth  in 
incbes. 


1.920 
6.S'>« 
4.41S 
1.291 
O.C^ 
0.115 
0.233 
O-SJT 
2.S« 

i-w: 

1.106 


Note.— RiTcr  frosen  over  Feb.   1   to   March   20.    Incl.,   daily   discharige   computed  from   Ice  curve 
drawn  from  three  ice  measurements  taken  during  Feb.  and  March. 


OHIO  BASIN— STATION  NO.  20. 


SHENANGO  RIVER  AT  SHARON,  PENNA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  ou  Au^st  1st,  1909,  by  the  Carnegie 
Steel  Company  for  the  Water  Supply  Commission  of  Pennsylvania 
and  is  situated  about  fifty  feet  north  of  the  Chestnut  Street  bridge 
at  Sharon. 

The  channel  above  and  below  the  station  is  straight  for  500  feet. 
Both  banks  are  approximately  twelve  feet  above  the  river  bed  and 
overflow  during  extreme  high  water.  The  bed  Is  composed  of  gravel 
and  dirt.  The  current  under  the  Chestnut  Street  bridge  is  very 
sluggish. 

Discharge  measurements  are  taken  at  numerous  points;  namely* 
Mill  street  bridge,  State  street  bridge,  Carnegie  Plate  Girder  bridge. 
Upper  Wheatland  bridge,  and  at  two  wading  sections,  below  the 
gage.  At  the  Mill  street  bridge  the  measurements  are  taken  from 
the  upstream  side,  the  initial  point  for  soundings  being  end  of  hand 
rail,  right  side  (looking  downstream).  At  the  State  street  bridge 
the  measurements  are  taken  from  the  downstream  side,  the  initial 
point  for  soundings  being  the  top  of  the  left  abutment.  At  the  Car- 
negie Plate  Girder  bridge,  which  is  two  miles  below  the  gage,  the 
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measurements  are  taken  from  the  upstream  side,  the  initial  point 
for  soundings  being  top  of  right  abutment  (looking  downstream). 
At  the  Upper  Wheatland  bridge,  which  is  2  and  one-half  miles  be- 
low the  gage,  measurements  are  taken  from  the  downstream  side, 
the  initial  point  for  soundings  being  face  of  left  abutment.  Wading 
section  "A"  is  just  south  of  the  southern  boundary  line  of  Sharon, 
while  wading  section  "B"  is  at  South  Main  street,  near  the  Atlan- 
tic Refining  Company's  tanks. 

A  staff  gage  is  fastened  to  the  cribbing  on  the  right  bank  about 
50  feet  above  the  Chestnut  street  bridge.  The  elevation  of  zero  is 
840.00  feet  above  sea  level.  Bench  Mark  No.  1  is  U.  S.  G.  S.  bronze 
tablet  on  southeast  abutment  of  Chestnut  street  bridge,  elevation 
855.92  feet  or  15.92  feet  above  gage  datum.  The  gage  is  read  twice 
daily  by  an  employee  of  the  Carnegie  Steel  Company. 

Owing  to  the  various  channel  conditions  at  the  above  bridge  the 
State  street  bridge  has  been  considered  best  for  high  water  discharge 
measurements.  At  the  Mill  street  bridge  the  section  is  slightly  in- 
fluenced by  the  pumping  station  of  the  North  Works,  which  returns 
their  pumpage  just  below  the  bridge,  so  that  when  the  plant  is  in 
operation  about  10  second-feet  pass  around  this  section.  At  the 
Carnegie  Plate  Girder  bridge  the  section  is  influenced  by  a  low  dam 
during  low  water  but  is  consideied  a  very  good  section  for  high  water 
discharge  measurements.  The  Wheatland  bridge  is  not  considered 
good  for  discharge  measurements,  as  the  low  water  flow  at  this  sec- 
tion is  influenced  by  an  eddy.  Above  a  six  foot  stage,  this  station 
becomes  valueless  on  account  of  the  water  overflowing  on  the  west 
side  of  the  bridge,  while  the  water  at  all  stages  passes  under  the 
bridge  at  an  angle.  Discharge  measurements  at  both  the  Carnegie 
Plate  Girder  bridge  and  the  Wheatland  bridge  are  reduced  owing  to 
the  fact  that  the  drainage  area  at  the  gage  is  13  per  cent,  less  than 
at  these  sections,  due  to  Big  and  Little  Yankee  runs  entering  the 
parent  stream  below  the  gage. 

Since  the  establishment  of  this  station,  65  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS   OF   8HENANOO   RIVER,   AT   SHARON, 

MERCER  COUNTY,  PA. 

(Drainage  area  60S  square  miles.) 


No. 


61 


62 
68 
64 

66 


•a 


m 

a 

m 

• 

1 

• 

1 

§ 

§ 

1 

< 

a 

o 

a 

Beauirks. 


191S. 
liar.   S7. 


Feet.     Sq.  ft. 


Haslam,     ^ 


Mar. 
Mar. 
Mar. 

Har. 


i: 

28. 
29. 


Haalam, 
Haslam, 
Haslam, 
Haalam, 


168 


1% 
175 
176 
168 


2183 


8169 

2949 

2826 

974 


Pt. 

per 
sec. 
8.46 


6.65 
4.T8 
4.42 
6.12 


Feet.    Sec.  ft.  i 

16.85  184S0  From  MIU  St.  brldf* 
10  sec. -ft.  added  for 
pumiMice. 

15.82  I       178M    From  State  St.  bridge. 

14. U  i       18960    From  SUte  St.  bridge. 

18.60        12480    From  SUte  St.  bridfe. 

10.64  6960    From    Mill    St.    bridffe 

I  10  sec. -ft.    addad   fbr 

pnmpate. 


All  gage  heights  and  discharges  are  referred  to  the  Chestnut  stfeet  gage. 


DISCHARGE  TABLE  B^OR  SHENANGO  RIVER   ,AT  SHARON,   MERCER 

COUNTY,  FROM  AUGUST  1,  1909. 


*i 

*i 

• 

ja 

ja 

ja 

1 

• 

1 

1 

§ 

^ 

1 

§ 

O 

Q 

O 

Q 

O 

Feet. 

8M.-ft. 

1.70 

20 

.80 

28 

.90 

27 

Z.OO 

80 

.10 

87 

.20 

46 

.80 

68 

.40 

87 

.60 

112 

.60 

188 

.70 

164 

.80 

190 

.91 

218 

8.00 

248 

.10 

278 

.80 

no 

80 

848 

.40 

876 

M 

411 

.60 

448 

.70 

486 

.80 

627 

.60 

669 

4.00 

612 

.10 

666 

Feet. 
.20 

.40 
.60 

.  .60 
.70 
.80 
.90 

6.00 
.10 
.20 
.80 
.40 
.60 
.60 
.70 
.80 
.90 

6.00 
.10 
.20 
.80 
.40 
.60 
.00 


Sec.-ft. 

Feet. 

700 

.70 

746 

.80 

792 

.90' 

840 

7.00 

890 

.10 

940 

.20  1 

990 

.80  ! 

1040 

.40 

1095 

.50  1 

1160 

.60  ' 

ino 

.70' 

1270 

.80 

1835 

.90 

1400 

8.00 

1470 

.10; 

1640 

.20' 

1610 

.80, 

1686 

.40  ' 

1760 

.50, 

1840 

.60  ! 

1920 

.70 

2010 

.80 

2100 

.90 

Z190 

9.00 

2280 

.10 
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ESTIMATED  MONTHLY  DISCHARGE  OF  SHBNANGO  RIVER  AT 

SHARON,  MERCER  COUNTY,  PA. 

(Drainage  area  605  square  miles.) 


MONTH. 


1912. 

JanoaxTi    

Febmarj 

March,    

April 

Uky 

June, 

July 

AoirilRt,      

September 

October,     

November,    , 

December,    

The  year 


Dlncbarge  in  Second-feet. 


Maximam.  ,   Minimum.         Mean. 


8150 
3890 
7390 
7350 
2270 
535 
782 
I960! 
1720  I 
6S10  I 
920, 
1575  I 


7890 


Run-off. 


Second-feet 

per  square 

mile. 


Depth  in 
IncliM. 


296 

7W 

1.164 

1.S48 

207 

861 

1.42S 

1.5S4 

486 

2680 

4.4S0 

5.107 

360 

2250 

8.719 

4.149 

164 

580 

0.876 

1.010 

63 

189 

0.812 

O.S48 

41 

170 

0.281 

0.334 

68 

819 

0.527 

0.6Q6 

77 

865 

0.609 

0.678 

68 

1260 

2.0S3 

s.4oe 

212 

478 

0.782 

0.8T2 

154  1 

624 

0.866 

0.998 

41 

860 

1.422 

19.8^ 

NESHANNOCE  CREEK. 


DESCRIPTION  OF  BASIN. 

Nesbannock  creek,  the  largest  tributary  of  tbe  Sbenango  river, 
drains  approximately  245  squaie  miles  in  Mercer  and  Lawrence  coun- 
ties. Rising  in  and  passing  through  numerous  extensive  swamp 
areas,  in  the  central  and  eastern  parts  of  Mercer  county,  its  two 
Blanches,  Otter  and  Mill  creeks,  join  near  Mercer  borough,  and  the 
main  stream  then  follows  a  general  southerly  direction  for  about  2.*^ 
miles  to  its  mouth  at  New  Castle,  Lawrence  county,  the  general  out- 
line of  the  watershed  being  i>ear  shaped.  The  upper  sections  of  this 
stream  in  Mercer  county  flow  through  a  deforested,  rolling  country, 
in  which  farming  and  some  bituminous  coal  mining  is  carried  on. 
The  stream  is  sluggish  in  its  upper  portions,  and  the  basin  is  covered 
to  a  great  depth  by  deposits  of  glacial  drift,  but  upon  entering  Law- 
rence county,  it  becomes  a  rapid  stream,  with  numerous  falls,  flowing 
through  a  narrow  gorge  with  high,  steep  walls  of  sandstone.  From 
Hope  Mills,  Mercer  county,  (elevation,  1,107  feet)  to  New  Castle, 
(elevation,  799  feet),  a  distance  of  20  miles,  the  rate  of  flow  is  about 
15  feet  per  mile.  The  chief  tributaries  are  Otter,  Mill  and  Little 
Nesbannock  creeks.  Numerous  boroughs,  farming  and  mining  vil- 
lages lie  in  this  basin,  but  the  stream  is  not  used  for  domestic  water 
supply,  and,  to  a  limited  extent,  for  industrial  purposes,  by  plants 
in  the  vicinity  of  its  mouth. 
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TJie  mean  annual  precipitation  over  this  watershed  is  from  35  to 
45  inches. 

The  discharge  has  been  measured  since  August  9,  1909,  at  New 
Castle,  Pennsylvania,  near  the  mouth. 


OHFO  BASIN— STATION  NO.  21. 


NESHANNOCK  CREEK  AT  NEW  CASTLE,  PA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Carnegie  Steel  Company,  in 
co-operation  with  the  Water  Supply  Commission  of  Pennsylvania, 
on  August  9,  1909,  and  is  located  at  the  JeflFerson  street  bridge,  New 
Castle,  Pennsylvania. 

The  channel  is  straight  for  ^  mile  above  and  300  yards  below  the 
station,  but  immediately  at  the  station  the  creek  makes  a  thirty 
degree  bend  to  the  right  Both  banks  are  high,  but  overflow  during 
extreme  high  water.  The  bed  of  the  stream  consists  of  stones,  mud 
and  slime  and  is  not  permanent.  During  extreme  high  floods  in 
Shenango  river,  water  may  be  backed  up  to  near  Jefferson  street 
bridge,  but  this  occurs  very  seldom. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  Jefferson  street  bridge,  and  by  wading  either  above  or  below 
the  bridge.  The  initial  point  for  soundings  is  the  face  of  the  left 
abutment,  on  the  downstream  side  of  the  bridge. 

Until  October  8th,  1912,  readings  were  taken  from  a  staff  gage, 
known  as  No.  2,  of  the  three  gages  established  by  the  Carnegie  Steel 
Company,  which  gage  was  fastened  to  a  retaining  wall  on  the  left 
side  of  the  creek,  just  below  the  left  bridge  abutment.  The  elevation 
of  zero  is  arbitrary  datum.  Bench  Mark  No.  1  is  a  cross  on  the 
bridge  wall  at  the  left  side  of  the  bridge;  elevation  6.82  feet  above 
gage  datum.  Bench  Mark  No.  2  is  a  cross  within  a  quarter  circle  on 
the  outer  downstream  corner  of  the  right  bridge  seat:  elevation, 
14.53  feet  above  gage  datum.  On  the  above  date,  however,  this  gage 
was  replaced  with  a  standard  chain  gage,  which  was  fastened  to  the 
downstream  handrail  of  the  bridge.  This  gage  was  referred  to  the 
same  datum  as  the  staff  gage,  the  length  of  chain  from  the  bottom 


264 

of  the  weight  to  the  marker  being  19.55  feet.  The  gage  is  read  twice 
daily  by  D.  B.  Woolcock,  Civil  Engineer  of  the  Carnegie  Steel  Com- 
pany. 

Since  the  establishment  of  this  station,  16  discharge  measure- 
ments have  been  made.  The  data  prior  to  1912  will  be  found  in  the 
1910-11  Report  of  the  Water  Supply  Commission.  Djje  to  a  change 
in  channel  conditions,  destroying  the  previous  rating  at  this  station, 
only  the  gage  heights  for  1912  have  been  published. 


DISCHARGE  MEASUREMENTS  OF  NESHANNOCK  GREEK,  AT  NEW 

CASTLE,  LAWRENCE  COUNTY,  PA. 

(Drainage  area,  HO  %quare  milea.) 
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< 

s 

a 

IS 
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Ft. 

mz 

Feet. 

Sq.  ft. 

per 
sec. 

Feet. 

Sec.  ft 

IS 

March  10 

D.   B.  Woolcock,    .. 

106 

S14 

2.64 

8.90 

8S0    0.6 

measurement. 

14 

March  26 

D.   B.  Woolcock,    .. 

106 

1530 

9.2S 

13.66 

140S9    0.6 

measurement. 

15 

March  28 

D.  B.  Woolcock,    .. 

128 

821^ 

2.71  1 

8.22  ! 

2222    0.6 

measurement. 

16  :  March  29 

1 

D.   B.   Woolcock,    .. 

115 

521 

2.79 

5.74 

1452    0.6 

measurement. 
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SLIPPERY  ROCK  CREEK. 


DKRCRIPTION  OF  BASIN. 

Slippery  Bock  creek,  the  largest  tributary  of  Connoquenessing^ 
creek,  drains  approximately  403  square  miles  in  Butler,  Mercer  and 
Lawrence  counties.  Several  branches  rise  in  the  north  central  por- 
tion of  Butler  county,  and  come  together  to  form  the  main  stream 
near  Branchton,  Butler  county.  The  main  stream  flows  in  a  general 
southwesterly  direction  following  a  tortuous  course,  its  total 
length  being  approximately  43  miles.  In  the  central  section  of  the 
stream  the  valleys  are  broad  and  largely  cultivated,  as  are  the  hills, 
the  current  being  sluggish  and  flowing  between  gently  sloping  banks, 
with  wide  plains  bordering  it  on  either  side.  After  the  stream 
enters  Lawrence  county,  the  broad  valleys  contract  to  a  narrow 
gorge,  and  the  low  sloping  banks  are  replaced  by  high  cliffs  of  massive 
sandstone,  and  the  hitherto  gently  flowing  streams  become  a  rapid 
torrent. 

The  elevation  of  the  stream  at  its  source  is  approximately  1,400 
feet  above  mean  sea  level  and,  at  Kiesters,  14  miles  below,  the  eleva- 
tion is  1,150  feet,  producing  a  slope  of  18  feet  per  mile.  Prom  K3esters 
to  Kennedy's  Mill,  elevation  1,040,  the  stream  flows  through  a  gently 
sloping  valley  for  a  distance  of  17  miles,  having  a  slope  of  approxi- 
mately 6  feet  per  mile.  After  leaving  Kennedy's  Mill,  the  creek  enters 
the  gorge  which  continues  almost  to  its  mouth,  (elevation  580  feet) 
a  distance  of  approximately  12  miles,  with  a  fall  of  approximately 
39  feet. 

The  only  tributary  of  any  importance  is  Muddy  creek,  which  enters 
it  from  the  east  in  Butler  county,  although  there  are  many  small 
tributaries  entering  it  in  Lawrence,  Butler  and  Mercer  counties. 

The  domestic  water  supply  for  Ell  wood  City  and  vicinity  is  ob- 
tained from  Slippery  Rock  creek  at  its  mouth.  The  water  power  of 
the  creek  is  used  by  numerous  grist  mills. 

The  mean  annual  precipitation  over  the  headwaters  of  the  stream 
is  from  40  to  45  inches,  and  over  the  lower  reaches  from  35  to  40 
inches. 

The  discharge  has  been  measured  since  January  1,  1912,  near  Wur 
temburg,  approximately  2  miles  above  the  mouth. 
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OHIO  BASIN— STATION  NO.  22. 


SLIPPERY  ROCK  CRJIEK  AT  WURTEMBURG^  LAWRENCE 

COUNTY. 


DESCRIPTION  OF  STATION. 

This  Station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  December  28th,  1911,  and  is  located  on  the  highway 
bridge  across  Slippery  Rock  creek,  at  the  north  end  of  Wurtemburg. 

The  channel  above  the  station  is  straight  and  uniform  for  one- 
half  mile,  while  below  the  station  it  is  straight  and  uniform  for  600 
feet.  The  right  and  left  banks  rise  abruptly.  The  bed  is  composed 
of  gravel  and  is  fairly  permanent.  Discharge  measurements  are 
taken  from  the  upstream  side  of  the  bridge;  the  initial  point  for 
soundings  being  the  west  end  of  the  north  guard-rail. 

A  standard  chain  gage  is  fastened  to  the  upstream  side  of  the 
bridge,  the  length  of  chain  from  bottom  of  weight  to  marker  being 
35.82  feet.  The  elevation  of  zero  is  817.63  feet  above  mean  sea  level. 
Bench  Mark  No.  1  is  a  U.  S.  G.  S.  bench  in  northwest  abutment; 
aluminum  tablet  stamped  "851  A.  D.  J.,  1903;"  elevation,  850.231 
feet  above  mean  sea  level,  or  32.G  feet  above  zero  of  the  gage.  The 
gage  is  read  twice  daily  by  Emil  R.  Boots. 

Since  the  establishment  of  this  station  18  discharge  measurements 
have  been  made. 


268 

DISCHARGE  MEASUREMENTS  OF  SLIPPERY  ROCK  CREEK,  AT  WUBT- 

EMBURG,  LAWRENCE  COUNTY,  PA. 

(Drainage  atea  40O  square  miles,) 


No. 
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10 
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12 

IS 
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15 
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Data. 


19U 
July     17 


lau 

Feb.  2 
F«*b.  17 
March  ZL 
March  22 
March  22 
March  28 
March  21 
A.prll  8 
April  8 
April  4 
Aptil  4 
April  8 
April  10 
April  12 
April  22 
May  24 
Jnne     12 


HyArographer. 


Laagenhelm, 


Ro«B, 

Boss. 

Ross, 

Robs, 

Rom, 
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Rom, 
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Reaarka. 


Feet. 
28 


Sq.  ft. 
28 


■  ■  •  •  ■     I 

2B0 

247 

1147 

248 

242 

251 

249, 

2fi  I 

244  1 

244  ! 

240 

28S 

237 

2S5 

219 


2S8 
170 
966 
844 
819 
668 
604 
1061 
1010 
820 
780 
742 
488 
4CG 
326 
272 
192 


Ft. 
per 

2.08 


4.08, 

8.32  1 
8.19  I 

2.76  I 

2.77  I 
4.13  I 
4.66  , 
8.19  1 
3.06 
2.78 
1.90 
1.&4 

i.as 

0.87 
0.42 


Feet. 
2.28 


8.50 

8.27 
6.61 
6.03 
4.91 
4.3( 
4.06 
5.91 
5.69 
4.91 
4.72 
4.48 
8.48 
8.18 
2.84 
2.54 
2.Z1 


Sec.  ft. 

48 


WadjDff  mamt.  208  yda. 
below  Upper  Wurtem- 
burc  bridge.  Refer- 
enced   to    gage. 


262    Made  wider   Ice   cover. 

145  '  Made  under  ice  cover. 
8877 
2802 
2614 
180S 
1672 
4879 
4116 
2612 
2886 
2066 

946 

624 


80 


DISCHARGE  TABLE  FOR  SLIPPERY  ROCK  CREEK,  AT  WURTEMBURG, 

LAWRENCE  COUNTY,  FROM  JANUARY  1,  1912. 
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Feet. 
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Feet. 
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>            20 
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1700 

.86 
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573C' 
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.60 
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.60 
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4129 

.80 
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.60 

1040 
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2860 
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.90 

7660 
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1140 
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7m 

.70 
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.80 

1240 

.90 

2670 
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4780 
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890 

.90 

1860 

5.00 

2880 

.10 

6010 

.90 

460 

4.00 

1460 

.10 

800O 

.20 

6250 

8.00 
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.10 

1580 

.20 

8170 

.80 

6490 
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ESTIMATED  MONTHLY  DISCHARGE  OP  SLIPPERY  ROCK  CREEK,   AT 

WURTEMBURG,  lAWRENCE  COUNTY. 

(Drainage  area  400  square  miles. ) 


Dischaise  in  8«ooiid-feet. 


Run-off. 


MONTH. 


January,    . 
February, 
Marcbp    . . . 

April 

May 

June,    

July 

August. 
September, 
October,    . . 
NoYember, 
December, 


U12. 


The    year, 


1 

1 

1 

Second-feet 

Maximum.  \ 

Minimum. 

Mean. 

per  square 

Depth  in 

1                     ' 
1 

1 

1 

^ 

mile. 

inches. 

1 

1 

602 

768 
1580 

1.2S5 
1.920 
3.960 

1.4C 

5010 

2.071 

3610 

390 

4.504 

4350 

278 

1230 

3.075 

8.430 

!                 2160 

120 

480 

1.200 

1.3i3 

2640 

48 

287 

0.718 

0.801 

40J0 

46 

362 

0.906 

l.Mt 

lOSOO 

65 

785 

1.962 

2.261: 

5660 

160 

S62 

2.155 

2.404 

1560 

77 

399 

0.998 

1.1:1 

530 

178 

294 

0.73:; 

0.8-3J 

1770 

196 

437 

1.092 

1.3&9 

666 

1.664 

• 

2*.63> 

1 

Note.— Oreek    froaen   Jan.    7-Feb.    2&,    inclusive,    discharge    estimated    from   Shenango    River    at 
Sharon. 


CHEAT  RIVER. 


DESCRIPTION   OF    BASIN. 

The  Cheat  river,  or  its  uppermost  branch,  the  Shavers  Fork,  rises 
in  the  northern  part  of  Pocahontas  county,  W.  Va.,  and  flows  in  a 
general  northwesterly  direction  to  its  mouth  in  the  Monongahela 
river,  at  Point  Marion,  Fayette  county.  Pa.,  about  90  miles  below 
Pittsburgh,  Pa.,  a  distance  of  approximately  157  miles,  4  miles  of 
which  is  in  Pennsylvania.  It  drains  an  area  of  approximately  1,427 
square  miles,  of  which  98  lies  in  Pennsylvania.  The  source  is  in  the 
point  of  coalescence  of  Back,  Allegheny  Mountain  and  Cheat  Moun- 
tain, at  elevation  of  approximately  4,500  feet,  from  which  it  falls 
to  elevation  780  feet  at  its  mouth,  the  total  fall  being  3,720  feet,  or 
at  the  rate  of  23.6  feet  per  mile.  The  river  proper,  which  is  formed 
by  the  junction  of  Shavers  Fork  and  Dry  Fork,  at  Parsons,  W.  Va., 
is  at  elevation  1,625  feet,  and  has  a  slope  of  approximately  11  feet  per 
mile  to  its  mouth,  a  distance  of  about  78  miles.  The  drainage  basin 
of  Shavers  Fork  is  very  long  and  narrow,  while  that  of  Dry  Fork 
is  notably  fan-shaped.  The  headwaters  of  this  river  lie  in  a  rough, 
mountainous  region,  many  of  the  valleys  being  in  deep  gorges,  with 
swiftly  flowing  mountain  streams.  The  Cheat  river,  from  the  source 
of  (Shavers  Fork  for  half  its  length,  lies  in  a  narrow  steep  sided  and 


271 

uncultivated  gorge,  with  the  mountain  slopes  heavily  timbered. 
Above  Parsons,  W.  Virginia,  for  a  distance  of  a  few  miles,  the  valley 
opens  out  with  the  stream  flowing  through  low  bottom  land  or  flood 
plains.  Below  this  point  for  a  distance  of  9  miles  it  passes  through 
a  steep-sided,  broad  valley,  with  cultivated  and  unusually  level  bot- 
toms, the  course  of  the  stream  being  very  tortuous.  From  this  point 
to  Mont  Chateau,  W.  Va.,  there  are  numerous  small  patches  of  cul- 
tivated bottom  land,  while  below  this  point  the  river  then  enters 
Pennsylvania  through  another  gorge,  which  extends  to  its  mouth. 

Owing  to  the  fact  that  the  basin  of  this  stream  is  long  and  narrow, 
being  100  miles  in  length  by  about  14  miles  in  width,  together  with 
other  topographical  features,  condusive  to  the  same  result,  the  Cheat 
river  has  a  rapidly,  fluctuating  discharge,  rising  quickly  in  great 
floods,  and  reducing  rapidly  thereafter. 

Approximately  three-fourths  of  the  entire  drainage  area  is  re- 
ported to  Be  forest  covered  and  coal  is  mined  over  a  large  portion 
of  this  watershed.'  There  are  very  few  towns  of  importance  in  this 
drainage  basin,  the  largest  being  Rowlesburg  and  Parsons,  W.  Va., 
and  Point  Marion,  Pa.,  which  latter  community  uses  this  stream  as 
a  source  of  domestic  water  supply. 

The  mean  annual  precipitation  over  this  watershed  is  from  ap- 
proximately 40  to  45  inches. 

The  discharge  has  been  measured  since  July,  1899,  at  Ice's  Ferry, 
near  Morgantown,  W.  Va. 


OHIO  BASIN-STATION  NO.  23. 


CHEAT  RIVER  NEAR  MORGANTOWN,  W.  VA. 


DESCRIPTION  OF  STATION. 

This  station,  which  was  maintained  from  July  8th,  to  December 
30th,  1899,  July  1st  to  December  29th,  1900,  and  August  21st,  1902, 
to  December  31st,  1905,  by  the  United  States  Geological  Survey, 
was  re-established  November  18th,  1908,  by  F.  W.  Scheidenhelm, 
of  the  Pittsburgh  Hydro  Electric  Company,  and  has  been  maintained 
and  operated  since  this  later  date. 

A  complete  description  of  the  old  gages  operated  prior  to  1908 
may  be  found  in  the  1910-11  Report  of  the  Water  Supply  Commig- 
sion. 
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The  present  gaging  station  is  located  at  the  highway  bridge  at 
Uneda,  W.  Va.,  ten  miles  above  the  mouth  of  the  river. 

The  channel  is  probably  permanent.  Ice  conditions  may  eflfect 
the  relation  of  gage  height  to  discharge  during  several  months  of 
the  year. 

Discharge  measurements  are  made  from  the  upstpeam  side  of  the 
bridge,  or  by  wading  during  low  water. 

A  standard  chain  gage  is  attached  to  the  highway  bridge,  the 
length  of  chain  from  the  bottom  of  the  weight  to  the  marker  being 
41.01  feet.  The  elevation  of  zero  is  arbitrary.  Bench  Mark  No.  1 
is  a  mark  on  the  face  of  sandstone  rock  in  edge  of  bank  beside  road, 
20  feet  downstream  and  30  feet  back  from  gage;  elevation,  21. lo 
feet  above  gage  datum. 

Since  the  establishment  of  the  station,  25  discharge  measurements 
have  been  made. 

The  following  data  have  been  furnished  by  the  U.  S.  Geological 
Survey.  The  data  prior  to  1912  will  be  found  in  the  1910-11  Report 
of  the  Water  Supply  Commission. 
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DISCHARGE    MEASUREMENTS    OF    CHEAT    RIVER,    NEAR    MORGAN- 
TOWN,  W.  VA. 

(Drainage  area  1,S80  sqtiare  miles.) 


No.  !     Date. 


Hydrographer. 


1 

21 

1911 
Oct.       7 

72 
29 

1912 
March  22 
July     26 

24 

25 

19U 
Jan.       8 
,  Jan.       8 

1 

Drake, 


Drake. 
Drake, 


Drake, 
Drake, 
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a 

tt 
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^S 

■*.• 

1 
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M 

• 
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M 
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► 

ja 

Ju 
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a 
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"< 
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Q 

Remarka. 


Ft. 

Feet. 

Sq.  ft. 

per 
see. 

Feet. 

885 

s.oeo 

2.12 

4.87 

4Z> 
SOS 


466 

465 


4.060 
6,060 


4.690 
4.690 


5.61 
6.98 


6.52 
6.50 


8.18 
12.27 


9.55 
9.56 


Sec.  ft. 

6,400  '  0.6  method. 


22.800  I  Surface  miinit. 
42,300  i  Surface  msmt. 


80,550    Surface  mamt. 
W,600    SLTface   mamt. 


DISCHARGE    TABLE     FOR     CHEAT     RIVER,     NEAR     MORGANTOWN, 

WEST  VIRGINIA. 


- 

• 

• 

** 

4.1 

** 

4ii 

w 

/a 

ja 

xt 

,a 

X9 

? 

A 

i 

if 
« 

XI 
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xi 

i 

5 

• 

• 

s 

a 

9 

s 

9 

1 

9) 

o 

1 

9 

1 

OS 

Si 

Sd 

eg 

^     1 

a          1 

9t 

- 

bo 

O 

O 

Q 

O 
Feet. 

5      1 

O 

^        1 

Feet. 

2 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Sec.  ft. 

1.50 

115 

.40 

1620 

.80 

8530 

.20 

18220 

.10 

27010 

.60 

140 

.50 

1780 

.40 

9040 

.30 

1S780 

.20 

2S420 

.70 

165 

.60 

1965 

.50 

9650 

.40 

19240 

.80 

2S930 

.89 

190 

.70 

2200 

.60 

10060 

.50 

19760 

.40 

1          29440 

.90 

220 

.80 

2460 

.70 

10670 

.60 

20260 

.60 

29960 

2.00 

266 

.90 

2710 

.80 

llORO 

.70 

2077O 

.60 

80160 

.10 

280 

4.00 

8000 

.90 

11590 

.80 

21280 

.70 

80670 

.20 

S80 

.10 

8800 

6.00 

12100 

.90 

21790 

.80 

I         814S0 

.80 

375 

.20 

8620 

.10 

12610 

8.00 

22300 

*    .90 

1         31990 

.40 

426 

.80 

8960 

.20 

18130 

.10 

22K10 

10.00 

32r^ 

.60 

480 

.40 

4920 

.80 

13630 

.20 

28320 

11.00 

87600 

.60 

545 

.50 

470O 

.40 

14140 

.80 

23^^30 

12.00 

4Z7(V) 

.70 

625 

.60 

6110 

.50 

1          14660 

.40 

'         24310 

18.00 

47S00 

.80 

710 

.70 

S650 

.60 

15160 

.50 

24850 

14.00 

52900 

.90 

806 

.80 

6020 

.70 

15670 

.00 

25360 

15.00 

68000 

S.OO 

915 

.90 

6600 

.80 

16180 

.70 

'          25870 

1 

.10 

IOC 

5.00 

7000 

.90 

16690 

.80 

1          26880 

.20 

1185 

.10 

7510 

7.00 

1         1720O 

.90 

26«90 

.80 

1S40 

.20 

80Q0 

.10 

17710 

9.00 

27400 

Note.— Thia  table  has  been  revised  above  gage  height  4.2'  and  la  based  on  discharge  measure- 
ments 23  to  25.  This  table  applies  to  all  years  190212  with  proper  change  of  gage  heights  1908- 
09  by  curve  of  relation  as  explained   in  1910-11   Report  of  Water   Supply   Commission. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  CHEAT  RIVER  NEAR  MOR- 

GANTOWN,  W.   VA. 

(Drainage  area  1,S80  square  miles.) 


MONTH. 


1912. 

Jaonary,    

February,    .-. 

March,     

^.?!'  .:;::::::::::::::::::::::::::::::: 

June,      ! 

Jnly I 

Augnst.    ] 

Beptcmber ■. . . . 

October,      i 

NoTember,     ' 

December,     I 

Tbe    year 


Run -off. 


5.50 
1.24 
2.13 
.78 
1.68 
1.46 


2.T7 


Second-feet 

per  square 
mile. 

Depth  In 

inches. 

2.67 

2.96 

4.88 

4.70 

6.89 

7.94 

2.52 

2.S1 

2.98 

8.4i 

1.09 

1.22 

6.44 
1.43 
2.88 
.94 
1.87 
1.6S 


87.71 


TYGART  RIVER 


DESCRIPTION  OF  BASIN. 

The  Tygart,  also  called  Tygart's  Valley  river,  rises  in  the  southern 
part  of  Randolph  county,  W.  Va.,  and  flows  in  a  general  northerly 
direction  to  its  junction  with  the  West  Pork  river,  near  Pairmount, 
W.  Va. 

Its  length  is  approximately  one  hundred  miles  while  its  drainage 
area,  above  the  mouth,  is  approximately  1,420  square  miles.  The 
elevation  of  the  hills  at  the  source  is  approximately  3,500  feet,  while 
at  its  mouth  the  elevation  is  about  8G0  feet.  In  the  upper  portions 
the  country  is  mountainous,  the  slopes  of  the  valleys  steep  and,  in 
many  places,  precipitous  and  the  fall  of  the  stream  is  rapid.  As  the 
river  approaches  its  confluence  with  the  West  Fork  it  flows  through 
a  rolling  country.  There  are  no  lakes,  ponds  or  swamps  on  the 
drainage  area  and  the  flow  is  flashy.  There  are  many  tributaries, 
the  largest  of  which  are  Buchanan  river  and  Middle  Fork  river. 
Its  watershed  is  underlain  by  very  valuable  and  extensive  coal  beds 
and  contains  oil  and  gas  in  abundance.  At  the  headwaters  there 
is  still  some  timber,  but  over  the  general  basin  the  mountains  are 
sparsley  forested.  There  are  several  large  towns  in  the  drainage 
basin,  the  most  important  of  which  are  Grafton  and  Phillipi.  Little 
water  power  has  been  developed  although  the  main  stream  and  its 
tributaries  aflPord  ample  opportunity. 

The  mean  annual  precipitation  over  this  watershed  is  from  45  to 
50  Inches. 

The  discharge  has  been  measured  since  1907,  at  Fetterman  and 
Bellington,  W.  Va. 
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OHIO  BASIN— STATION  NO.  24. 


TYGART  RIVER  AT  FETTERMAN,  WEST  VIRGINIA. 


DESCRIPTION    OF    STATION. 

This  station  was  established  on  Jfune  3rd,  1907,  by  the  United 
States  Geological  Survey,  who  have  maintaiiied  and  operated  it  since 
that  date.  It  is  located  on  the  iron,  highway  bridge,  about  1,000 
feet  from  the  B.  &  O.  R.  R.  station  at  Fetterman,  Taylor  county,  W. 
Va.,  and  about  18  miles  above  the  mouth. 

The  channel  is  straight  for  over  500  feet  above  and  below  the  sta- 
tion. The  banks  are  high  and  not  subject  to  overflow.  The  bed  of 
the  stream  is  hard  and  firm. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge,  the  initial  point  for  soundings  being  the  face  of  the  right 
abutment,  downstream  side  of  bridge. 

A  standard  chain  gage  is  located  on  the  left  of  the  middle  pier  on 
the  downstream  side  of  the  bridge.  The  length  of  chain,  from  the 
bottom  of  the  weight  to  the  marker  is  36.14  feet.  Bench  Mark  No. 
1  is  the  southwest  corner  of  the  lower  right  abutment  of  the  bridge, 
marked  with  black  paint;  elevation  31.46  feet  above  gage  datum, 
which  is  957.86  feet  above  sea  level.  Bench  Mark  No.  2  is  the  north- 
east corner  of  upstream  end  of  pier;  elevation,  31.44feet  above  gage 
datum.  A  reference  point  is  a  file  mark  on  the  upstream  and  right 
edges  of  the  first  vertical  compression  member  from  the  abutment, 
downstream  side  of  left  span,  marked  above  and  below  with  black 
paint,  elevation,  37.01  feet  above  gage  datum.  The  gage  is  read  twice 
daily  by  Joseph  Gerken. 

Since  the  establishment  of  this  station,  18  discharge  measurements 
have  been  made. 

The  following  data  have  been  furnished  by  the  United  States  Geo- 
logical Survey.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MliA.SUREMENTS  OF  TTGART  RIVEE,   AT  FETTERMAN, 

WEST  VIRGINIA. 

(Drainage  area  1,S^0  square  miles  J 
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DISCHARGE   TABLE   FOR   TYGART    RIVER,    AT    FETTERMAN,    WEST 
VIRGINIA,  FROM  JUNE  3,  1907  TO  DECEMBER  31,  1912. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  TYGART  RIVER,  AT  FETTER- 
MAN,  WEST  VIRGINIA. 

(Drainage  area  1,S40  square  miles.) 


MONTH. 


1912. 

January 

Pebmary,    

March,     ^ 

April 

May 

Jnne,    

July 

August,     

September,     

October,     

November,    

December,     

The    year 


Discharge  in  Second-feet. 

Maximum. 

Minimum. 

Mean. 

15300 
19600 
21400 
6110 
16900 

1040 
525 

1110 
859 
461 

4170 
3970 
6820, 
2610 

S380I 

Bun -off. 


8210 
45300 

2510 

4280 

802 

S340 

15500 


45300 


431 
431 
96 
134 
21S 
812 


87 


5040' 
88S  I 

1170, 
312; 

1190 

1610  1 


Second-feet 

per  square 

mile. 


8.U 
2.96 
6.(» 
1.96 
2.52 
.675 
8.76 
.668 
.878 
.283 
.888 
1.20 


2680 


2.00 


Depth  In 
inches. 


9.58 

S.19 

6.87 

2.18 

2.90 

.75 

4.81 

.76 

.97 

.27 

.99 

1.88 


27.18 


WEST  FORK  RIVER. 


DESCRIPTION  OF  BASIN. 

The  West  Fork  river  rises  in  the  western  part  of  Upshur  county, 
W.  Va.,  and  flows  northwestward  into  Lewis  county,  thence  flowing 
in  a  slight  northeasterly  direction  to  its  junction  with  the  Tygart 
river  near  Fairmount,  W.  Va. 

Its  length  is  approximately  seventy  miles  and  its  drainage  area, 
above  the  mouth,  is  about  845  square  miles.  The  elevation  of  the 
hills  at  the  source  is  about  1,500  feet,  while  at  its  mouth  the  eleva- 
tion is  about  860  feet.  It  flows  through  a  broad  valley,  the  border- 
ing hills  being  steep  and  precipitous  and  slightly  forested.  There 
are  no  lakes,  ponds  or  swamps  on  the  drainage  area.  There  are  nu- 
merous tributaries,  the  largest  of  which  are  Ten  Mile  creek,  Simpson 
creek  and  Stone  Coal  creek.  Its  watershed  is  underlain  by  very 
valuable  and  extensive  coal  beds  and  contains  oil  and  gas  in  abund- 
ance. There  are  several  large  towns  in  the  drainage  area,  the  most 
important  of  which  are  Clarksburg  and  Weston. 

Little  water  power  has  been  developed,  although  the  main  stream 
and  its  tributaries  afford  ample  opportunity. 

The  mean  annual  precipitation  over  this  watershed  is  between  45 
and  50  inches. 

The  discharge  has  been  measured  since  1907,  at  Enterprise,  W. 
Va.,  33  miles  above  the  naouth. 
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OHIO  BASIN— STATION  NO.  26. 


WEST  FORK  RIVER  AT  ENTERPRISE,  W.  VA. 


DESCRIPTION  OF  STATION. 

This  Station  was  establibiied  on  June  2,  1907,  by  the  United  States 
Geological  Survey,  who  has  maintained  and  operated  it  since  that 
date,  and  is  located  at  the  steel  highway  bridge  at  Enterprise,  Har- 
rison county,  W.  Va.,  about  three-fourths  of  a  mile  above  the  mouth 
of  Bingaman  creek,  and  about  12  miles  above  the  mouth. 

The  channel  is  broken  by  one  pier ;  the  bed  being  smooth  rock  and 
permanent    Both  banks  are  high  and  not  subject  to  overflow. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge  at  ordinary  stages,  and  by  wading  at  a  point  200  feet 
above  the  bridge  at  low  stages. 

A  standard  chain  gage  is  attached  to  the  bridge.  The  length  of 
chain  from  the  bottom  of  the  weight  to  the  marker  is  37.95  feet. 
Elevation  of  zero  is  869.91  feet  above  sea  level.  Bench  Mark  No.  1 
is  the  northeast  corner  of  the  left  abutment,  downstream  side  of 
bridge;  elevation  33.70  feet  above  gage  datum.  Bench  Mark  No.  2 
is  northwest  corner,  downstream  end  of  pier;  elevation,  33.87  feet 
above  gage  datum.  Reference  point  is  a  scratch  on  west  side  of 
third  vertical  member,  downstream  side  of  bridge  about  0.44  feet 
above  top  of  handrail,  elevation,  39.80  feet  above  gage  datum. 

A  small  dam  is  located  at  Worthingtou,  W.  Va.,  about  3  miles 
below  the  station,  but  backwater  does  not  reach  the  section. 

Ice  may  affect  the  relation  of  gage  height  to  discharge  for  two  or 
three  weeks  at  a  time,  during  December,  January  and  February. 
During  the  summer  of  1908  the  only  water  running  in  the  river  was 
the  pumpage  from  the  numerous  coal  mines  along  the  stream. 

Since  the  establishment  of  this  station,  18  discharge  measurements 
have  been  made. 

The  following  data  have  been  furnished  by  the  U.  S.  Geological 
Survey.  The  data  prior  to  1912  will  be  lound  in  the  1910-11  Report 
of  the  Water  Supply  Commission. 
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DISCHARGE    MEASUREMENTS    OF    WEST    FORK    RIVER,    AT    ENTER. 

PRISE,  WEST  VIRGINIA. 

(Drainage  area  750  square  nUles.) 
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DISCHARGE  TABLE  FOR  WEST  FORK  RIVER,  AT  ENTERPRISE,  WEST 

VIRGINIA  FROM  JUNE  2,  1907  TO  DEC.  31,  1912. 
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.60 

9 

.10 
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.70 

2860 

.80 

6625 

.90 
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.00 

12 

.20 

829 

.80 

2960 

.40 

5740 

11.00 

8900 

.70 

16 

.80 

893 

.90 

906O 

.50 

5855 

.10 

9025 

.80 

20 

.40 

959 

6.00 

3150 

.60 

6970 

.20 

9150 

.90 

25 

.60 

1026 

.10 

8352 

.70 

6085 

.30 

9276 

1.00 

80 

.60 

1094 

.20 

33'>6 

.80 

G2C3 
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86 

.70 

1163 
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3460 
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6820 
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9625 

.20 

48 
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1233 
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8564 
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9650 
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62 
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.60 

8670 
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9776 
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1           8776 

.20 

6700 

.80 

9900 

.60 

TO 
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1451 

.70 

8882 

.80 

6820 
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10025 

.60 
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.20 

L>26 

.80 

1           3988 
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12.00 

10150 

.70 

124 

.80 

1602 
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4004 

.60 

7060 

13.00 

11450 
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166 
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1680 
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4200 

.60 

7182 

14.00 

12750 

.90 

190 

.60 

1759 

.10 

4806 

.70 

7304 

15.00 

14100 

a.oo 

227 

.60 

'           1840 

.20 

1           4416 

.80 

7426 

16.00 

154.-,0 

.10 

268 

.70 

1           1322 

.80 

1            46LM 

.90 

7548 

17.00 

16850 

.» 

SOT 

.80 

2006 

.40 

4632 

10.00 

•      7670 

.80 

860 

.90 

2092 

.50 

4740 

.10 

T792 

.40 

896 

6.00 

21  SO 

.60 

4850 

.20 

7914 

.60 

441 

.10 

2270 

.70 

4960 

1 

.80 

8086 
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ESTIMATED    MONTHLY    DISCHARGE    OF    WEST    FORK    RIVER,    AT 

ENTERPRISE,  WEST  VIRGINIA. 

(Drainage  area  750  square  miles.) 


MONTH. 


January,     . 
February, 
Marcb,     ... 

April 

May 

June,    

Jaly 

August. 
September, 
October,     . 
NoTember, 
December, 


1912. 


Diachaise  in  Second-feet. 


Bun-off. 


The  year. 


Second-feet 

Maximum. 

Minimum. 

Mean. 

per  Bouare 

Depth  in 
inches. 

1660 
2000 

2.21 
2.67 

2.66 

lOttiO 

2.S8 

10400 

266 

S40O 

4.63 

5.22 

4520 

216 

U40 

1.52 

1.70 

1530 

143 

508 

.871 

.77 

465 

28 

168 

.217 

.24 

16300 

89 

1330 

1.T7 

2.04 

8780 

112 

440 

.587 

.68 

37S0 

44 

568 

.761 

.84 

441 

80 

•  111 

.148 

.17 

1530 

67 

2S& 

.313 

.85 

3670 

62 

548 

.731 

.84 

1010 ; 

1 

1.85 

18.28 

1                         1 

Note.— Ice  conditions  existed  Jan.   4-19  and   Feb.   2-20.     Discharge  estimated   from  gage  heights 
and  cllmatologlcal  records. 


DUNKARD   CREEK. 


DKSCRIPTIOX    OF    HASIN. 

Dunkard  creek,  a  tributary  of  the  Monongahela  river  in  Monon- 
gahela  county,  West  Virginia,  and  Green  county,  Pennsylvania, 
drains  an  area  of  approximately  235  square  miles,  of  which  125 
square  miles  lie  in  Pennsylvania.  Eising  in  two  forks,  Pennsylvania 
and  West  Virginia  forks,  the  former  heading  in  the  south  central 
part  of  Green  county,  and  the  latter  in  the  western  part  of  Monon- 
gahela county,  W.  Virginia,  which  join  on  the  Pennsylvania- West 
Virginia  line,  the  stream  follows  a  general  easterly  direction  through 
a  rolling,  well  settled,  farming  country,  practically  deforested,  with 
many  turns,  crossing  and  recrossing  the  state  line  to  its  mouth,  three 
miles  below  Point  Marion,  Pennsylvania.  The  distance  from  the 
forks  to  the  mouth  is  about  36  miles. 

The  West  Virginia  Fork  rises  at  an  elevation  of  about  1,300  feet, 
and  the  Pennsylvania  Fork  at  an  elevation  of  about  1,400  feet.  The 
junction  lies  at  an  elevation  of  975  feet,  and  the  mouth  at  an  eleva- 
tion of  800  feet.  The  forks  have  an  approximate  slope  of  30  feet  per 
mile,  whereas   the    fall    from    the    junction    to    the    mouth    is    at 
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the  rate  of  5  feet  per  mile.  The  principal  tributaries  are  Pennsyl- 
vania and  West  Virginia  forks.  There  are  only  a  few  small  villages 
and  one  borough  in  this  basin,  none  of  which  use  the  water  of  this 
stream  for  domestic  supply.  This  creek  in  the  fall  of  1908  was  ab- 
solutely dry  at  a  point  a  short  distance  above  its  mouth. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  October  14tl^  1909,  at  "Bob- 
town,"  about  two  miles  above  the  mouth. 


OHIO  BASIN— STATION  NO.  28. 


DUNKARD  CREEK  AT  "BOBTOWN/'  PA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania,  in  co-operation  with  the  Flood  Commission  of  Pitts- 
burgh, on  October  I4th,  1909,  and  is  located  on  a  single  span,  covered 
wooden  bridge  at  "Bobtown,"  about  two  miles  above  its  mouth. 

The  channel  above  and  below  the  station  is  straight.  Both  banks 
are  high  and  do  not  overflow.  The  bed  is  rocky  and  is  mostly  of 
solid  rock  and  is  permanent.  There  is  a  deep,  quiet  pool  under  the 
bridge  at  low  stages  with  very  sluggish  velocity.  The  creek  goes 
dry  during  every  period  of  drought. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge  during  floods  and  by  wading  during  low  stages.  The 
initial  point  for  soundings  is  top  edge  of  bridge  seat,  left  abut- 
ment. 

A  twelve  foot  staff  gage  is  bolted  to  the  downstream  wing  of  the 
left  abutment.  The  elevation  of  zero  is  arbitrary  datum.  Bench  Mtirk 
No.  1  is  shelf  on  top  of  second  course  from  bottom,  third  stone  in 
from  face;  elevation,  2.64  feet  above  zero  of  gage.  The  gage  is  read 
twice  daily  by  Prank  Bouth. 

Since  the  establishment  of  this  station,  3  discharge  measurements 
have  been  made.  Owing  to  the  insufficient  number  of  discharge 
measurements,  no  rating  curve  has  been  computed  for  this  station. 
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and  only  the  discharge  measurement  and  daily  gage  heights  have 
been  published.  The  data  prior  to  1912  will  be  found  in  the  1910-11 
Report  of  the  Water  Supply  Commission. 


DISCHARGE  MEASUREMENTS  OF  DUNKARD  CREEK,  AT  "BOBTOWN." 

GREENE  COUNTY,   PA. 

(Drainage  area  230  square  miles.) 
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Dec.       5 
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1 
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47 
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TURTLE  CREEK. 


DESCRIPTION  OF  BASIN. 

Turtle  creek,  a  tributary  of  the  Mouongahela  river  iu  Allegheny 
and  Westmoreland  counties,  drains  an  area  of  approximately  115 
square  miles.  Eising  in  the  western  part  of  Westmoreland  county, 
it  flows  in  a  southwesterly  direction  along  the  Allegheny  county 
line  to  where  it  is  joined  by  its  largest  tributary,  Brush  creek,  and 
thence  through  Allegheny  county  to  its  mouth,  just  above  Braddock 
borough,  a  total  distance  of  about  20  miles.  The  basin  is  fan-shaped 
and  the  area  drained  is  a  rolling,  agricultural  country,  only  seven 
per  cent,  being  forested,  the  upper  section  being  entirely  devoted 
to  farming,  whereas  the  lower  section,  along  the  valley,  is  congested 
by  railroads  and  industrial  establishments.  The  entire  watershed  is 
densely  inhabited,  many  large  and  prosperous  boroughs  lying  along 
the  stream.  This  stream  rises  at  an  elevation  of  approximately  756 
feet,  making  the  average  slope  about  25  feet  per  mile,  but  there  are 
numerous  stretches  of  this  stream  which,  are  flat,  showing  only  a 
slope  of  from  5  to  9  feet  per  mile.  In  the  lower  section  the  channel  is 
filled  to  a  considerable  depth  with  silt.  Only  one  borough  receives 
a  domestic  water  supply  from  a  tributary  of  Turtle  creek,  although 
many  manufacturing  establishments  use  the  water  for  industrial 
purposes. 

The  mean  annual  precipitation  over  this  watershed  is  from  35 
to  40  inches. 

The  discharge  has  been  measured  since  December  1st,  1907,  at  East 
Pittsburgh,  about  1^  miles  above  tlie  mouth. 


OHIO  BASIN^STATION  NO.  27 


TURTLE  CREEK  AT  EAST  PITTSBURGH,  PA. 


DESCRIPTION  OF  STATION . 

This  station  was  established  on  December  1st,  1907,  by  the  Water 
Supply  Commission  of  Pennsylvania,  and  is  located  ^on  the  Cable 
avenue  viaduct  from  the  P.  K.  B.  depot  to  Westinghouse  Works,  in 
East  Pittsburgh. 
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The  channel  is  straight  above  and  below  the  station  and  is  walled 
in  for  1,000  feet,  while  there  is  a  low  dam  200  feet  downstream. 
Both  banks  are  high  and  do  not  overflow  except  in  high  backwater 
floods  from  the  Monongahela  river.  The  bed  is  composed  of  gravel 
and  muddy  clay  and  is  somewhat  shifting. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  Cable  avenue  viaduct,  the  initial  point  for  soundings  being  a 
point  on  the  downstream  handrail  directly  above  top  edge  coping 
of  left  bridge  seat. 

Prior  to  December  11,  1912,  a  16  foot  staff  gage  was  fastened  to 
the  right  abutment,  downstream  corner,  the  elevation  of  zero  being 
722.88  feet  Bench  Mark  No.  1  is  top  of  right  abutment,  downstream 
corner;  elevation,  746.63  feet,  or  23.75  feet  above  gage  datum.  On 
December  11,  1912,  however,  the  staft*  gage  was  replaced  by  a  stand- 
ard chain  gage  fastened  to  the  outside  of  the  downstream  handi'ail, 
the  length  of  chain  being  40.25  feet,  and  was  referenced  to  the  ori^- 
nal  datum.  The  gage  is  read  twice  daily  by  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  East  Pittsburgh. 

This  station  is  within  reach  of  backwater  floods  from  the  Monon- 
gahela river. 

Since  the  establishment  of  this  station,  13  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS  OF  TURTLE  CREEK,   AT   EAST  PITTS- 
BURGH, ALLEGHENY  COUNTY,  PA. 

(Drainage  area  1^5  square  miles,) 
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ft. 

sec. 

ft. 

12 

Dec.     11 
1913 

BoehriDger,    

87 

107 

1.10 
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0.6  rnsmt. 

18 

April      4 

Boetuinger              ft 

88 
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1.60 

1.6S 

22a, 

0.6  mamt. 

I 

Knight. 

DISCHARGE   TABLE   FOR   TURTLE   CREEK,    AT   BAST   PITTSBURGH, 

ALLEGHENY  COUNTY,  FROM  DEC.  1,  1907. 
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ESTIMATED   MONTHLY    DISCHARGE   OF   TURTLE   CREEK,    AT   EAST 

PITTSBURGH,  ALLEGHENY  COUNTY,  PA. 

(Drainage  area  145  square  miles.) 


MONTH. 


Discharge  In  Second- feet. 


1912. 
Jani.Hr7,     

FebrnaiT*     

March,    

April,     

May 

June,     

July 

August.    

September,    

October,     

November 

December 

The    year,     — 
Note.— h  Estimated. 


Maximum.  I  Minimum. 


755 

h»2&0 
778 
.%? 

hSSOO 

3490 

:»60 

285 

C75 

966 


h92&0 


76 
110 

82 
278 
148 
122 
130 

90 
114 

no 

68 
88 


33 


Mean. 


246 
307 
902 
416 
844 
258 
658 
287 
32& 
152 
216 
157 


856 


Runoff. 

Second-feet 

per  8i]uare 

Depth  In 

mile. 

Inches. 

1.690 

1.948 

2.117 

2.2B3 

6.221 

7.172 

2.868 

8.20a 

2.372 

2.734 

1.779 

1.965 

4.588 

5.2S! 

1.979 

2.»2 

2.268 

2.532 

1.048 

1.209 

1.490 

1.662 

1.063 

1.249 

2.466 


88.489 


YOUGHIOGHENY  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Youghiogheny  river,  the  largest  tributary  of  the  Monougahela 
river,  drains  an  area  of  approximately  1,800  square  miles  in  Mary- 
land, West  Virginia  and  Pennsylvania,  of  which  about  1,265  square 
miles  lie  in  Pennsylvania.  Kising  near  the  Maryland- West  Virginia 
boundary  line,  in  Preston  county,  West  Virginia  ,  to  the  north  of 
the  headwaters  of  the  Potomac  river,  and  upon  the  western  side  of 
Great  Savage  Mountain,  its  course  is  almost  due  north,  roughly 
paralleling  the  Monongahela  river,  between  Negro  Mountain,  on  the 
east,  and  Briary  Mountain,  on  the  west,  it  crosses  the  state  line  near 
Watsondale,  at  the  junction  of  Fayette  and  Somerset  counties. 

On  the  upper  reaches  of  this  river  the  grade  is  steep,  but  the  val- 
ley is  open  and  rolling.  It  soon  becomes  more  mountainous,  how- 
ever, and  the  stream  flows  between  high,  steep  hills,  ending  abruptly 
at  the  water's  edge,  the  channel  being  strewn  with-  numerous  boulders 
and  large  stones.  The  river  continues  northward  in  this  manner, 
gradually  loosing  its  swiftness,  but  still  retaining  the  hilly  nature, 
to  Somerfield,  Pa.,  two  miles  above  the  state  line,  where  the  slope 
of  the  stream  is  more  uniform  and  continues  as  such  to  its  junction 
with  the  Casselman  river.    From  Confluence,  where  it  is  joined  by 
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its  largest  tributary,  Casselman  river,  to  its  mouth  the  river  follows 
a  general  northwesterly  direction,  the  valley  being  narrow  and  steep, 
and  to  Bidewell  the  stream  flows  at  a  fairly  uniform  grade,  gradu- 
ally developing  into  rapids  with  the  valley  assuming  a  more  gorge- 
4ike  form.  Just  above  Ohiopyle  the  stream  becomes  very  rapid,  as- 
suming its  greatest  fall  as  it  makes  a  long  loop  around  the  moun- 
tain. Between  Connellsville  and  West  Newton  the  stream  culs 
through  a  succession  of  ridges,  alternating  with  rolling  country  on 
either  side,  and  from  this  point  to  its  mouth  the  valley  is  wide  and 
lolling. 

The  total  length  of  this  river  is  about  125  miles,  of  which  approxi- 
mately ^3  miles  lie  in  Pennsylvania.  The  elevation  of  the  source  is 
approximately  3,000  feet,  and  at  the  point  where  the  Youghiogheny 
enters  Pennsylvania  the  elevation  is  1,400  feet,  giving  a  slope  of  about 
38  feet  per  mile  in  this  distance.  From  the  state  line  to  Connells- 
ville the  fall  is  at  the  rate  of  approximately  17  feet  per  mile,  and 
from  Connellsville  to  the  mouth,  43  miles,  the  rate  is  3.5  feet  per 
mile.  Between  Ohiopyle  and  Connellsville,  a  distance  of  17.5  miles, 
the  rate  of  fall  is  19  feet  per  mile,  reaching  at  Ohiopyle  Falls  a  rate 
of  over  50  feet  per  mile. 

The  principal  tributaries  of  the  Youghiogheny  river  in  Pennsyl- 
vania are  Big  Sewickley  creek,  Indian  creek  and  the  Casselman 
river.  There  are  many  tributaries  in  Maryland  and  West  Virginia, 
the  principal  being  Bear  creek.  Deep  creek.  Little  Youghiogheny  and 
Rhine  creeks. 

The  headwaters  of  this  stream  and  the  basin  of  it  as  far  down  as 
Connellsville  is  sparsely  inhabited,  well  covered  with  second  growth 
timber,  with  some  farming  and  coal  mining  carried  on.  From  Con- 
nellsville to  the  mouth  the  watershed  is  densely  inhabited,  especially 
in  the  valleys,  which  are  industrially  very  active,  the  surrounding 
hills  being  practically  deforested,  while  considerable  farming  is  car- 
ried on.  The  region  is  the  center  of  the  vast  bituminous  coal  pro- 
ducing and  coke  making  belt  and  the  streams  are  laden  with  mine 
water  and  sulphur.  Four  large  boroughs  and  many  large  villages 
lie  in  this  are^^,  some  of  the  communities  obtaining  a  domesjtic  water 
supply  from  the  stream. 

Navigation  on  the  Youghiogheny  river  was  at  one  time  improved 
by  the  construction  of  dams  and  locks,  from  McKeesport,  at  its 
mouth,  to  West  Newton,  19  miles  above.  Since  1868,  however,  this 
navgiation  has  been  abandoned,  and  all  dams  and  locks  removed 
from  the  river. 

The  mean  annual  precipitation  over  the  lower  portion  of  this 
watershed  is  from  35  to  40  inches,  the  central  portion  from  45  to 
50  inches,  while  the  upper  portion  is  subject  to  a  rainfall  of  from 
40  to  45  inches. 
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The  discharge  has  been  measured  at  Friendsville,  Md.,  Confluence, 
Pa.,  and  at  Connellsville,  Pa.,  since  August  17,  1898,  September  15, 
1904,  and  July  22,  1908,  respectively,  the  former,  however,  being 
discontinued  on  December  31,  1904. 


OHIO  BASIN— STATIOl^  NO.  28. 


YOUGHIOGHENY  RIVER  AT  CONFLUENCE,  PA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Geological 
Survey  on  September  15th,  1904.  On  April  1st,  1907,  this  station 
was  taken  over  by  the  Water  Supply  Commission  of  Pennsylvania, 
which  has  been  operating  it  since  that  date.  It  is  located  on  a  two- 
span,  steel,  highway  bridge,  about  one-fourth  to  one-half  mile  from 
the  railroad  station  at  Confluence. 

The  channel  is  straight  for  200  feet  above  and  500  feet  below 
the  station.  The  right  bank  is  high  and  does  not  overflow,  while 
the  left  bank  is  low  and  overflows  during  high  water.  The  bed  is 
rocky  and  there  are  two  channels  at  all  stages.  There  is  a  small  cob- 
ble stone  dam  from  four  to  six  inches  high  under  the  bridge. 

Discharge  measurements  are  made  from  the  upstream  side  of  the 
bridge.  The  initial  point  for  soundings  is  center  of  bridge  pin  over 
right  abutment  on  upstream  side  of  bridge. 

A  standard  chain  gage  is  fastened  to  the  downstream  handrail  of 
the  bridge.  The  length  of  chain  from  the  bottom  of  weight  to  the 
marker  is  23.19  feet.  The  elevation  of  zero  is  arbitrary  datum. 
Bench  Mark  No.  1  is  a  cross  on  head  of  rivet  in  bed  plate  at  right 
abutment  on  downstream  side;  elevation  20.53  feet  above  gage  da- 
tum. Bench  Mark  No.  2  is  a  cross  on  lower  chord  of  bridge  under 
the  gage  box;  elevation,  20.28  feet  above  gage  datum.  The  gage  is 
read  once  daily  by  Lloyd  L.  Mountain. 

Since  the  establishment  of  this  station,  21  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Commission. 
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DISCHARGE  MEASUREMENTS   OF  YOUGHIOGHBNY  RIVER,   AT   CON- 
FLUENCE, SOMERSET  COUNTY,  PA. 

(Drainage  area  4S5  square  miles.) 
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DISCHARGE  TABLE  FOR  YOUGHIOGHENY  RIVER,  AT  CONFLUBNCR, 

SOMERSET  COUNTY,  FROM  SEPT.  15,  1904. 
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ESTIMATED   MONTHLY   DISCHARGE   OF   YOUGHIOGHBNY   RIVER   AT 

CONFLUENCE,   SOMERSET  COUNTY,  PA. 

(Drainage  area  4S5  square  miles.) 


Discharge  In  Second -feet. 


MONTH. 


January, 
February, 

March 

April,     .... 

May 

June,     

Jnly 

August,     ... 

September, 
October,    . . 
November, 
December, 


1912. 


Run-off. 


The    year. 


135CC 

905 

2460 

910 

7700 

566 

3060 

160 

17103 

672 

1830 

364 

5850 

358 

llOU 

236 

3SC0 

256 

4130 

250 

1380 
1820 
4010  I 
1470  1 
1700  ' 

630 
2570 

666 
1580 

481 

710 

S86 


Second-feet 

per  square 

Depth  In 

mile. 

inches. 

S.OCT 

S.:>24 

4.1S4 

4.512 

9. 218 

10.6^ 

3.379 

8.770 

8.906 

4.506 

1.448 

1.616 

5.908 

6.812 

1.531 

1.765 

8.632 

4.052 

1.106 

1.^7.-. 

1.G82 

1.821 

2.087 

2.S4^ 

1490 


8.420 


46.6^ 


Note.— On  account  of  Ice  gorge  from  Jan.   17-Feb.  26,   inclusive,  dally  discharge  estimated  from 
ToLghiogheny  River  at  GonnellBTllie. 


CASSELMAN  RIVER. 


DESCRIPTION  OF  BASIN. 

The  Casselman  river,  the  largest  tributary  of  the  Youghiogheny 
river,  drains  an  area  of  approximately  578  square  miles,  of  which 
480  lie  in  Pennsylvania  and  98  in  Maryland.  Kising  in  two  branches, 
the  North  and  the  South,  in  Garrett  county,  Maryland,  which  join  in 
the  above  county  about  four  miles  south  of  the  Mason  and  Dixon 
line,  the  stream  flows  northeasterly  into  Pennsylvania  at  Meyers- 
dale,  Somerset  county,  where  it  turns  northwesterly  to  Rockwood 
and  thence  southwesterly  to  the  Youghiogheny  river,  at  Confluence, 
Somerset  county.  Pa.  The  North  and  South  Branches  respectively, 
are  13  and  8  miles  long,  and  the  main  river,  from  their  junction  to 
its  mouth,  is  23  miles  in  length.  Its  course  through  Maryland  and 
the  southern  part  of  Somerset  county.  Pa.,  lies  through  a  fertile, 
rolling  valley,  between  Negro  and  Meadow  mountains,  whose  aver- 
age width  is  about  six  miles.  From  Meyersdale  to  its  mouth,  the 
course  of  the  stream  becomes  more  confined,  and  the  valley  is  steep 
and  grows  deeper  toward  its  mouth.  This  river  has  a  rapid  fall 
throughout  practically  its  entire  length.  The  principal  tributary 
is  Laurel  Hill  creek,  which  enters  the  river  just  above  its  confluence 
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with  the  Youghiogheny  river.  The  valleys  are  largely  under  culti- 
vation, while  the  hillsides  and  mountain  tops  are  covered  with  second 
growth  timber. 

There  are  numerous  small  boroughs  and  villages  in  this  drainage 
basin.  Bituminous  coal  is  being  extensively  mined,  and  with  farm- 
ing, is  the  principal  industiy.  The  drainage  basin  has  been  virtually 
deforested,  but  is  rapidly  being  covered  with  second  growth.  A  few 
of  the  tributaries  of  the  Casselman  river  are  used  as  sources  for 
domestic  supply. 

The  mean  annual  precipitation  over  this  watershed  is  between  40 
and  45  inches. 

The  discharge  has  been  measured  sinced  September  15th,  1904, 
at  Confluence,  about  one  mile  above  the  mouth. 


OHIO  BASIN— STATION  NO.  29. 


CASSELMAN  RIVER  AT  CONFLUENCE,  PA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Geological  Sur- 
vey on  September  15th,  1904.  On  April  1st,  1907,  this  station  was 
taken  over  by  the  Water  Supply  Commission  of  Pennsylvania,  which 
has  been  operating  it  since  that  date.  It  is  located  on  a  two-span, 
steel  highway  bridge,  about  500  yards  from  the  railroad  station  at 
Confluence. 

The  channel  is  straight  for  200  feet  above  and  500  feet  below  the 
station.    The  right  bank  is  high  and  not  subject  to  overflow,  while 
the  left  bank  is  low  and  overflows  during  extreme  high  water, 
bed  is  covered  with  boulders,  with  some  vegetation.    There  are  two 
channels  at  all  stages  and  the  current  is  swift. 

Discharge  measurements  are  taken  from  the  upstream  side  of  the 
bridge.  The  initial  point  for  soundings  is  center  of  bridge  pin  over 
right  abutment  on  upstream  side. 

A  standard  chain  gage  is  fastened  to  the  upstream  handrail.  The 
length  of  chain  from  the  bottom  of  the  weight  to  the  marker  is  21.40 
feet.  The  elevation  of  zero  is  arbitrary  datum.  Bench  Mark  No-  1 
is  a  chiselled  draft  marked  with  paint  on  the  right  abutment  on  the 
downstream  side;  elevation  17.88  feet  above  gage  datum.  Bench 
Mark  No.  2  is  a  cross  on  the  top  of  lower  chord  of  bridge  near  gage ; 


298 

elevation,  18.61  feet  above  gage  datum.  Bench  Mark  No.  3  is  on  the 
apstream  wingwall,  right  abatment,  on  natural  shelf  in  10th  course 
from  top,  1.7  feet  in  from  comer  of  wingwall  and  face  of  abutment, 
and  0.4  feet  down  from  top  of  course;  elevation  6.68  feet  above  gage 
datum.    The  gage  is  read  once  daily  by  Lloyd  L.  Mountain. 

This  station  is  of  value  chiefly  for  low  water  measurements  as 
the  discharge  values  for  high  gage  readings  are  liable  to  be  con- 
siderably in  error  owing  to  frequent  backwater  from  the  Youghio- 
gheny  river. 

Since  the  establishment  of  this  station,  23  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Eeport  of  the  Water  Supply  Commission  of  Pennsylvania. 


DISCHARGE     MEASUREMENTS     OF     CASSELMAN     RIVER, 

FLUENCE,  SOMERSET  COUNTY,  PA. 


AT     OON- 


( Drainage  area  450  square  miles.) 


No. 


Date. 


1912 
23  ;  Dec.     4, 


Hydrognpber. 


Boebrlnger, 


• 

a 

o 

>* 

*•> 

• 

o 

^ 

n 

SS 

o 

t« 

• 
9> 

Oi 

«> 

» 

o 

► 

a 

n 

a 

t 

< 

S 

;5 

Q 

Feet. 
2017 
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1 

Ft. 

8q. 

per 

Feet. 

Sec. 

ft.     • 

sec. 

ft. 

825 

1.82 

2.4S 

428 

0.6  mamt. 


DISCHARGE    TABLE    FOR    CASSELMAN    RIVER,    AT    CONFLUENCE, 

SOMERSET  COUNTY,  FROM  JANUARY  1,  1912. 
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Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

Feet. 

Sec.  ft. 

1.80 

8 

2.00 

230 

.70 

780 

.40 

1496 

.10 

2300 

.40 

20 

.10 

2S0 
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875 

.50 

1606 

.20 
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.60 

87 

.20 
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.90 
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61 

.80 
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8.00 

1070 

.70 

18r> 

.40 

2600 

.70 

98 

.40 

510 

.10 

1176 

.80 

1960 

.GO 

2786 

.80 

130 

.50 

GOO 

.20 

12B0 

.90 

2065 

.60 

2910 

.90 

170 

.W 

690 

.80. 

1885 

4.00 

2180 

.70 

8086 

299 

BACKWATER  DISCHARGE  TABLE  FOR  CASSELMAN  RIVER,  AT  CON- 
FLUENCE, SOMERSET  county;  FROM  JANUARY  1,  1912. 
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4.00 
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8390 
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7165 
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15450 
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.40 
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.30 
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.10 
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.60 

7980 

.40 
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.30 

15860 

.70 
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8115 
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•    .40 
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4440 

.70 
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ESTIMATED  MONTHLY  DISCHARGE  OF  CASSBLMAN  RIVER  AT  CON- 
FLUENCE,  SOMERSET  COUNTY. 

(Drinage  area  450  square  miles. ) 


MONTH. 


DlBobaree  in  Second-feet. 


Run-off. 


Maximtira.  I  Minimum. 


Mean. 


Januarj,     . 
February, 
March,     . . . 
April,     . . . . 

May 

June,     

Jnly 

August.    . . . 

September, 

October, 

Norember, 

December, 


1912. 


The    year, 


18D0O 
2»li) 
5680 
37S0 

lli400 
Z78a 
4930 
19G0 
21100 
8085 


€90 
510 
130 

2«0 

;so 
470 

a>o 

2S0 

so 


972 
lOdO 
3120 
1170 
1500 

596 
1740  I 

8S3 
1730  I 

61? 

700! 

632 


Second-feet 

per  square 

mile. 


2.160 
2.333 
6.933 
2.600 
8.333 
1.3:22 
3.867 
1.962 
8.844 
1.360 
1.&J6 
1.4(>1 


i2as 


2.723 


Depth  in 
inches. 


2.480 
2.616 
7.998 
2.901 
8.843 
1.476 
4.468 
2.262 
4.288 
1.568 
1.736 
1.619 

37.149 


Note.On  account  of  ice  condit'.on.«t  the  daily  dlFcharij^e  from  Jan.   6  to  March  20,    Incluaivc,   was 
estimated  from  Youghioghcny  Kivcr  at  ConnellsTillc  and  cllmatological  records. 


LAUREL  HILL  CREEK. 


DESCRIPTION  OF  BASIN. 

Laurel  Hill  creek,  in  Somerset  and  Fayette  counties,  the  princi- 
pal tributary  of  the  Casselman  river,  drains  an  area  of  approxi- 
mately 125  square  miles.  Rising  in  the  southeastern  corner  of  Jeff- 
erson township,  Somerset  county,  this  stream  flows  northward  a 
short  distance,  and  then,  describing  a  semi-circle,  turns  southward, 
through  a  hilly  farming  country,  almost  deforested  and  underlain 
with  bituminous  coal,  to  its  mouth  at  Confluence,  a  distance  of  about 
30  miles.  There  are  many  tributaries  to  this  stream,  Hone  of  which, 
however,  drain  an  area  of  more  than  seven  or  eight  square  miles, 
the  watershed  being  an  approximate  parallellogram  seven  miles  in 
width  and  about  17  miles  in  length.  One  borough  and  numerous 
farming  villages  are  located  on  this  basin.  A  few  private  water  silp- 
plies  are  obtained  from  this  watershed. 

The  mean  annual  precipitation  over  this  watershed  is  from  40  to 
45  inches. 

The  discharge  has  been  measured  since  September  15th,  1904,  at 
Confluence,  near  its  mouth. 


302 

OHIO  BASIN— STATION  NO.  30. 


LAUREL  HILL  CREEK  AT  CONFLUENCE,  PA. 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  United  States  Geological  Sur- 
vey on  September  15th,  1904.  On  April  1st,  1907,  this  station  was 
taken  over  by  the  Water  Supply  Commission  of  Pennsylvania,  which 
has  been  operating  it  since  that  date.  It  is  located  on  a  single  span, 
steel  highway  bridge,  near  a  tannery,  one-fourth  mile  from  the  rail- 
road station  at  Confluence. 

The  channel  is  straight  for  25  feet  above  and  300  feet  below  the 
station.  The  right  bank  is  low  and  clean,  but  subject  to  overflow 
during  high  water,  while  the  left  bank  is  high  and  does  not  overflow. 
The  bed  is  composed  of  rough  cobble  stones  and  is  permanent.  The 
current  is  swift.    In  September,  1908,  the  creek  was  practically  dry. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge.  The  initial  point  for  soundings  is  center  of  bridge  pin 
over  left  abutment  on  left  side  of  bridge. 

A  standard  chain  gage  is  fastened  to  the  downstream  handrail  of 
the  bridge.  The  length  of  chain  from  the  bottom  of  weight  to  the 
marker  is  17.40  feet.  The  elevation  of  zero  is  arbitrary  datum.  Bench 
Mark  No.  1  is  a  cross  on  top  of  bolt  in  bed  plate  of  bridge  at  right 
abutment;  elevation,  14.16  feet  above  gage  datum.  Bench  Mark  No. 
2  is  a  cross  on  lower  chord  of  bridge  under  gage  box ;  elevation,  14.74 
feet  above  gage  datum.  The  gage  is  read  once  daily  by  Lloyd  L. 
Mountain. 

This  station  is  of  value  chiefly  for  low  water  measurements  as 
the  discharge  values  from  high  gage  readings  are  liable  to  be  con- 
siderably in  error  owing  to  frequent  backwater  from  the  Youghio- 
gheny  and  Casselman  rivers,  and  the  discharge  above  gage  height 
4.7  feet  has  not  been  published  for  this  reason. 

Since  the  establishment  of  this  station,  21  discharge  measurements 
have  been  made.  The  data  prior  to  1912  will  be  found  in  the  1910- 
11  Report  of  the  Water  Supply  Comission. 
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DISCHARGE  MEASUREMENTS  OF  LAUREL  HILL  GREEK,  AT  CON- 
FLUENCE, SOMERSET  COUNTY,  PA. 

(Drainage  area  Its  square  miles.) 
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ESTIMATED  MONTHLY  DISCHARGE  OF  LAUREL  HILL  GREEK,  AT 

CONFLUENCE,  SOMERSET  COUNTY. 

(Drainage  area  126  square  miles.) 


MONTH. 


Discharge  In  Second-feet. 


Run -off. 


JanuAiTt     ' 
Febraary, 
April,     ... 

Maj 

Jane,     . . . . 

Jnly 

An^st,    . . . 
September, 
October,    . , 
Norember, 
December, 


1912. 


Maximum. 

Minimum. 

Mean. 

291 

800 

180 
20 

47 
86 
160 
80 
45 
86 

479 

1 

820 

1 

800. 

196 

1 

206 

1                                                MfV 

Second-feet 

per  square 

mile. 

Depth  in 
Inches. 

2.810 
2.881 
S.770 

2.663 

2.5e? 
4.aM 

2.540 

2.933 

1.586 
1.566 
1.627 

1.88n 
1.736 
1.876 

Note. — On  account  of  Ice  conditions  the  dally  dlsohartre  from  Jan.  8-March  20,  inclusive, 
estimated  from  Youghlogheny  River  at  Connellsvllle  and  climatologrlcal  records.  All  gage  heights 
above  4.7  ft.  subject  to  backwater,  and,  therefore,  no  data  above  this  gage  height  has  been 
published. 


OHIO  BASIN-STATION  NO.  31. 


YOUGHIOGHENY  RIVER  AT  CONNELLSVILLE,  PA, 


DESCRIPTION  OF  STATION. 

This  station  was  established  by  the  Water  Supply  Commission  of 
Pennsylvania  on  July  22nd,  1908,  and  is  located  on  a  two-span,  steel, 
through  truss,  highway  bridge  on  the  road  from  Connellsville  to  New 
Haven. 

The  channel  above  the  station  is  straight  for  one-half  mile,  with 
riffles  600  feet  upstream,  while  the  channel  below  the  station  is 
straight  for  600  feet  with  riffles  600  to  800  feet  downstream.  A  rail- 
road bridge  crosses  the  river  500  feet  below.  The  right  bank  is  high 
and  does  not  overflow,  the  B.  &  O.  tracks  and  retaining  wall  being 
along  this  side  of  the  stream.  The  left  bank  is  high  and  does  not 
overflow.  The  bed  is  composed  of  rocks,  gravel  and  mud  and  is 
permanent. 

Discharge  measurements  are  taken  from  the  downstream  side  of 
the  bridge  and  by  wading  during  extreme  low  water  at  a  section 
600  feet  above  the  B.  &  O.  pumping  station  which  is  about  one  mile 


20 
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above  the  bridge  on  the  right  bank.  The  initial  point  for  soundings 
on  the  first  span  is  a  point  on  the  downstream  handrail  directly 
above  face  of  concrete  retaining  wall  at  B.  &  O.  tracks;  on  the  second 
span  at  the  bend  in  the  handrail  over  the  second  pier. 

A  standard  chain  gage  is  bolted  to  the  downstream  handrail  in 
the  New  Haven  span.  The  length  of  the  chain  from  the  bottom  of 
the  weight  to  the  low  water  marker  is  34.21  feet,  and  to  the  high 
water  marker  24.21  feet.  The  elevation  of  zero  of  the  gage  is  860.131 
feet,  U.  S.  Q.  S.  levels.  Bench  Mark  No.  1  is  a  chiselled  point  on 
projecting  stone  in  retaining  wall  on  New  Haven  side,  below  bridge^ 
and  is  the  lowest  stone  at  this  point.  ''B.  M."  chiselled  into  stone 
above.  Elevation,  864.656  feet  or  4.525  feet  above  gage  datnm. 
The  gage  is  read  twice  daily  by  an  employee  of  F.  W.  Scheidenhelm, 
Consulting  Engineer,  who  co-operates  in  the  maintenance  of  this  sta- 
tion. 

Since  the  establishment  of  this  station,  16  discharge  measurements 
have  been  made. 
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DISCHARGE  MEASUREMENTS  OF  YOUGHIOGHENY  RIVER,   AT  CON- 

NELLSVILLE,  FAYETTE  COUNTY,  PA. 

(Drainage  area  l,9t0  square  fnile$,) 
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DISCHARGE  TABLE  FOR  YOUGHIOGHENY  RIVER  AT  CONNELLS- 
VILLE,  FAYETTE  COUNTY,  FROM  JULY  22,  1908. 
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ESTIMATED   MONTHLY  DISCHARGE  OFTpUGHIOGHENY   RIVER  AT 

CONNELLSVILLE,  FATEBTE  COUNTY. 

(Drainage  area,  1,S20  square  miles.) 


Discuarge  In  Second-feet. 


Run-off. 


MONTH. 


Maxlmam.     Minlmam. 


1912. 

Jannarj 

Febmary , 

Marcb,    ; 

April 

May 1 

June,     I 

July,     j 

August.     ' 

September,    ' 

October 

November i 

December,     , 

The  year,    ; 


1090O 
31700 

fl>S0OO 
6500' 

13 '.00  , 
8440, 

28600! 

lilOOi 

1S600 
3240  ; 
7990 
9i>10 


Meat. 


978 
580 

1720 
188U 
978 
300 
898  I 
714 
787  t 
41G 
560 
622  I 


29«> 
3120 
9780 
3480 
£00 
1540 
5100 
1900 
4640 
1260 
1590 
1680 


f88000 


90O 


I 


8370 


Second-feet 

per  square 

mile. 


3.220 

2.364 
7.409 
2.644 
2.662 
1.167 
3.864 
1.439 
Z.U5 
0.947 

i.aos 

1.236 
2.665 


Septh  in 
inches. 


2.669 
2.649 
8.642 
2.960 
3.067 
1.802 
4.466 
1.659 
S.92 
1.092 
1.8t4 
1.421 


t  Estimated. 


MISCELLANEOUS  DISCHARGE  MEASUREMENTS. 


The  only  miscellaneous  discharge  measuiements  made  during 
1912  were  those  taken  at  Frisco,  near  Ellwood  City,  Beaver  county, 
on  Connoquenessing  creek,  18  of  which  were  made  on  the  creek 
proper,  and  24  on  the  head  race,  the  water  in  which  is  diverted  from 
the  creek  about  200  feet  above  the  gaging  station.  The  gage  heights 
given  in  these  measurements  are  those  recorded  from  permanent 
gages  located  on  both  the  creek  proper  and  the  head  race,  the  only 
use  of  which  was  to  record  the  relative  heights  of  water  at  the  time 
the  measurements  were  taken. 
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DISCHARGE  MEASUREMENTS  OF  CONNOQUENESSING  GREEK,  (PRO- 
PER), AT  WALKER'S  MILL,  NEAR  ELLWOOD  CITY,  BEAVER  COUN 
TY,  PA. 

(Drainage  area  UO  square  miles.) 


No. 


1 

2 
8 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 

15 

16 

17 

18 


Date. 


1812 
Feb.  2D 
March  21 
March  22 
March  22 
March  28 
March  28 
April  2 
April  8 
April  8 
April  10 
April  12 
AprU  22 
April  80 
April  80 
Ma  J 
May 
Jane 
July 


Uydrographer. 


24 
24 
12 
18 


Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 


■ 

Q 

m 

** 

s 

5 

M 

• 

0) 

«d 

% 

JS 

» 

o 

a 
m 

^ 

d 

c 

< 

S 

O 

Q 

Remarks. 


Feet. 


H2 
142 
UZ 
142 
150 
142 
142 
142 
142 
142 
127 
112 
142 
123 
117 
82 
123 


Sq. 

ft. 
Slir 
969 
6S3 
o64 
4&S 
466 

soe 

877 
473 
367 

S08 
732 
157 
110 
58 
190 


Ft. 
per 
uec. 
3.57 
8.28 
4.70 
8.70 
3.10 
S.Od 
6.31 
6.34 
3.00 
2.29 
1.7S 
1.36 
6.06 
5.37 
0.90 
0.98 
0.44 
1.83 


Feet. 

4.70 
8.12 
5.52 
4.84 
4.02 
4.02 
6.48 
6.90 
4.00 
8.38 
2.98 


2.48 

808 

6.45 

4866 

6.0B 

3982 

1.90 

156 

1.55 

102 

1.06 

25 

2.15 


Sec. 
ft. 
1868 
7890 
8310  I 
2068  , 
1422 
1406  ' 
5107 
6667 
1417 
841 
525 
808 
866 
982 
156 
102 
25 

a&2 


DISCHARGE  MEASUREMENTS  OP  CONNOQUENESSING  CREEK,  (HEAD 
RACE),  AT  WALKER'S  MILL,  NEAR  ELLWOOD  CITY,  BEAVe6  COUN- 
TY, PA. 


No. 


1 
2 
8 
4 

5 
6 
7 

8 
9 

10 
U 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
28 
24 


Date. 


1912 
Jan.  19 
Feb.  20 
March  21 
March  28 
April  8 
April  12 
April    12 

April  12 
April  22 
il|>ril  22 
April  22 
April  80 
May  24 
May 
May 
Jane 
jLly 
July 
Jnly 
July 


Hydrographer. 


24 
24 

12 
18 
18 
26 
28 


July  26 

July  26 

July  26 

July  26 


Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 

Ross, 
Roes, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 
Ross, 

Ross, 
Ross, 
Ross, 
Ross, 


5 


« 

a 

^ 

o 

4-» 

• 
4J 

(J 

o 

A 

% 

o 

u> 

• 

%4 

o 

0^ 

> 

M 

a 

at 

xi 

s 

1 

Q 

Feet. 

16 

21 

22 

21 

21  I 

20 

20 

»l 

It) 

20 

2l* 

22 

20 

20 

20 

20 

20 

20 

20; 

20' 

20 

20 
20 
20 


Sq. 

ft 


78 
93 


98 
76 
74 

78 
76 
74 
72 
96 
67 
66 
61 
51 
71 
71 
88 
98 
94 

79 
78 
84 


I 


Ft. 
per 

BGC* 

0.99 
1.12 
0.79 
0.83 
0.71 
1.08 
1.85 

0.46 
0.QI7 
0.78 
1.00 
0.62 
0.76 
l.OO 
1.64 
0.96 
0.82 
0.28 
0.89 
0.74 
0.61 

0.13 
0.24 
0.88 


Feet 

2.00 
1.90 
2.10 
1.70 
1.96 
1.15 
1.02 

1.22 
1.06 
0.94 
0.88 
1.96 
0.60 
0.60 
0.25 
-0.80 
0.72 
0.80 
1.70 
2.15 
1.96 

1.15 
1.40 
1.70 


Remarks. 


Sec. 
ft. 

77 
108 

79 

28 

66 

78 
100 

86 

5.8 
68 
72 
60 
51 
71 
100 
60 
68 
20 
84 
78 
57 

10 
19 
82 


Mill    not    running. 

42"     wheel    mnninfr. 

Mill    not    running. 

Mill   not   running. 

Mill    not    rtnuing. 
I  40"    wheel  running. 
;  40"      and     42"      wheeln 

running. 
,  Mill   not   ninning. 
I  Mill   not  running. 
'  42"  wheel  running. 
■  f2"    wheel  open. 
I  Mill   not   running. 
I  42"    wheel  running. 

42"    wheel    open. 
,  Both    wheels   open. 
!  42"    wheel    runlng. 

42"    wheel   running. 

Mill   not  running. 

Mill  not  running. 

Mil  not  running.     Oates 
open. 

Mlu  not  running. 

Mill  not  running. 

Mill  not  running. 

Mill  not  running. 


INDEX 
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Page. 

Allegheny  river— Description  of  Basin ,  182 

Allegheny  nrier,  at  Kittannlng» 

Description  of  station 232 

Discharge 232 

Allegheny  river,  at  Red  House,  New  York., 

Description  of  station 183 

Discharge,  186 

Antietam  (Little)  creek,  West  Branches,  Desc.  of  Basin,   170 

Antietam  (Little)  creek,  West  Branch,   at  Mont  Alto, 

Description  of  station 170 

Discharge, 171 

Bald  Eagle  creek — Description  of  Basin 105 

Bald  Eagle  creek,  at  Beech  Creek  Station, 

Description  of  Station,  113 

Discharge 114 

Bald  Eagle  creek,  at  Milesburg, 

Description  of  station,   10(5 

Discharge,  107 

Blacklick  creek — Description  of  Basin 239 

Blacklick  creek,  at  Blacklick, 

Description  of  station 240 

Discharge ,  241 

Brand3rwlne  creek — Description  qf  Basin,   67 

Brandywine  creek,  at  Chadds  Ford, 

Description  of  station ,   67 

Discharge 68 

Brodheads  creek — Description  of  Basin 36 

Broadheads  ereek,  at  Analomink, 

Description  of  station 37 

Discharge,  38 

Brokenstraw  creek — Description  of  Basin ,  194 

Brokenstraw  creek,  at  Youngsville, 

Description  of  station ,   194 

Discharge,    196 

Bushkill  (Big)  creek — Description  of  Basin 32 

Bushkill  (Big)  creek,  at  Shoemakers, 

Description  of  station , 33 

Discharge ,  34 

(311) 
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Oasselman  river — Description  of  Basin,  296 

Casselman  river,  at  Confluence, 

Description  of  station ,   297 

Discharge 298 

Cheat  river — Description  of  Basin,  270 

Cheat  river,  near  Morgantown,  W.  Va., 

Description  of  station 271 

Discharge 278 

Chemung  river — Description  of  Basin,    81 

Chemung  river,  at  Chemung,  N.  Y., 

Description  of  station,   82 

Discharge,    88 

Chenango  river — Description  of  Basin 74 

Chenango  river,  at  Binghamton,  N.  Y., 

Description  of  station .^ 74 

Discharge,  76 

Clarion  river — Description  of  Basin ,  221 

Clarion  river,  at  Clarion, 

Description  of  station 222 

Discharge;    223 

Conewango  Creek — Description  of  Basin ,    187 

Conewango  creek,  atPrewsburg,  N.  Y., 

Description  of  station 188 

Discharge '~ 189 

Connoquenessing  creek.  Miscellaneous  discharge  measurements,   309 

Conodoguinet  creek — Description  of  Basin ,    149 

Conodoguinet  creek,  at  Bryson's  Bridge, 

Description  of  station ,   150 

Discharge 151 

Crooked  creek — Description  of  Basin 235 

Crooked  creek,  at  Hileman's  Farm,  Armstrong  county. 

Description  of  station ,   236 

Discharge,    237 

Cussewago  creek — Description  of  Basin,  209 

Cussewago  creek,  above  Meadville, 

Description  of  station ,   210 

Discharge,    211 

Darby  creek — Description  of  Basin 64 

Darby  creek,  at  Lansdowne, 

Description  of  station 65 

Discharge,  65 

Delaware  river — Description  of  Basin 28 

Delaware  river.  East  Branch — Description  of  Basin,    10 

Delaware  river.  East  Branch,  at  Hancock,  N.  Y., 

Description  of  station 11 

Discharge,    12 

Delaware  river.  West  Branch — Description  of  Basin,    6 

Delaware  river.  West  Branch,  at  Hancock,  N.  Y., 

Description  of  station,   6 

Discharge ,    8 

Delaware  river,  at  Port  Jervis,  N.  Y., 

Description  of  station,   29 

Discharge,    80 
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Delaware  river,  at  Rlegelsyllle,  N.  J., 

DeBcriptlon  of  station,   50 

Discharge,  61 

Dunkard  creek — Description  of  Basin 283 

Dunkard  creek,  at  "Bobtown.," 

Description  of  station 284 

Discharge,  285 

East  Branch  Delaware  river — Description  of  Basin,    10 

East  Branch  Delaware  river,  at  Hancock,  N.  Y., 

Description  of  station ;  11 

Discharge 12 

Frankstown  Branch,  Juniata  river — Description  of  Basin,   133 

Frankstown  Branch,  Juniata  river,  at  Huntingdon, 

Description  of  station,  134 

Discharge, 135 

French  creek — Description  of  Basin 213 

French  creek,  at  Carlton, 

Description  of  station ,   214 

Discharge,     215 

French  creek,  North  Branch — Description  of  Basin 205 

French  creek.  North  Branch,  at  Klmmeytown , 

Description  of  station 206 

Discharge 207 

Juniata  river — Description  of  Basin 145 

Juniata  river,  at  Newport, 

Description  of  station 146 

Discharge 147 

Juniata  river,  PYankstown  Branch — Description  of  Basin,  133 

Description  of  station ,   134 

Discharge 135 

Juniata  river,  Raystown  Branch — Description  of  Basin 130 

Juniata  river,  Raystown  Branch,  at  Saxton, 

Description  of  station ,    130 

Discharge,     131 

Klnzua  creek — Description  of  Basin ,    191 

Kinzua  creek,  at  Dewdrop, 

Description  of  station,   191 

Discharge 192 

Klshacoqulllas  creek — Description  of  Basin 137 

Klshacoqulllas  creek,  at  Kulp's, 

Description  of  station ,   138 

Discharge,  139 

Klskimlnetas  river — Description  of  Basin 248 

Kiskimlnetas  river,  at  Avonmore, 

Description  of  station ,   249 

Discharge 250 

Lackawanna  river — Description  of  Basin 90 

Lackawanna  river,  at  Scranton, 

Description  of  station ,   91 

Discharge,  92 

Lackawaven  river — Description  of  Basin ,   14 

Lackawaxen  river,  at  Hawley, 

Description  of  station 15 

Discharge,    16 
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Laurel  Hill  creek — Description  of  Basin 801 

Laurel  Hill  creek,  at  Confluence, 

Description  of  station ,   302 

Discharge,    303 

Lehigh  river — Description  of  Basin 46 

Lehigh  river,  at  South  Bethlehem, 

Description  of  station,   47 

Discharge,     48 

LoyalhanAa  creek — Description  of  Basin ,  244 

Loyalhanna  creek,  near  New  Alexandria, 

Description  of  station,   245 

Discharge ,    .^ 246 

Lojalsock  creek — Description  of  Basin ,   127 

Loyalsock  creek,  at  Ferksvllle, 

Description  of  station , 128 

Gage  Heights 129 

Lycoming  creek — Description  of  Basin ,   120 

Lycoming  creek,  at  Bridge  No.  2,  near  WiUlamsport, 

Description  of  station ,    121 

Discharge,     122 

McMlchaels  creek — Description  of  Basin ,    43 

McMichaels  creek,  above  Stroudsburg, 

Description  of  station ,   43 

Discharge,    44 

Mahoning  creek — Description  of  Basin,   229 

Mahoning  creek,  at  Furnace  Bridge  ("Dee"), 

Description  of  station ,   230 

Discharge,    231 

Monocscy  river — Description  of  Basin ,  173 

Monocacy  river,  at  Frederick,  Md., 

Description  of  station 174 

Discharge,     176 

Neshaminy  creek— Description  of  Basin,    55 

Neshamlny  cFeek,  near  Rushland, 

Description  of  station ,   55 

Discharge,    57 

Neshannock  creek — Description  of  Basin 262 

Neshannock  creek,  at  New  Castle, 

Description  of  station,   263 

Discharge,  264 

North  Branch  French  creek — Description  of  Basin ,   205 

North  Branch  French  creek,  at  Klmmeytown, 

Description  of  station ,   206 

Discharge 207 

North  Branch ,  Susquehanna  river — Description    of   Basin ,          76 

North  Branch ,  Susquehanna  river ,  at  Blnghamton ,  N.  T. , 

Description  of  station 78 

Discharge 79 

North  Branch,  Susquehanna  river,  at  Danville, 

Description  of  station ,   96 

Discharge, 98 

North  Branch,  Susquehanna  river,  at  Wilkes-Barre , 

Description  of  station ,   93 

Discharge,  94 
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Oil  creek — Description  of  Basin,  201 

Oil  creek,  at  RouseylUe, 

Description  of  station ,   202 

Discharge 203 

Perklomen  creek — Description  of  Basin,   58 

Perkiomen  creek,  near  Frederick  (Spring  Mount), 

Description  of  station ,  58 

Discharge ,    60 

Pine  creek — Description  of  Basin 116 

Pine  creek,  at  Waterville, 

Description  of  station 116 

Discharge,  118 

Pocono  creek — Description  of  Basin 40 

Pocono  creek,  near  Stroudsburg, 

Description  of  station ,   «. 40 

Discharge,  41 

icattlesnake  Brook — Description  of  Basin 25 

Rattlesnake  Brook,  at  Spring  Brook, 

Description  of  station, 26 

Discharge,    26 

Raystown  Branch ,  Juniata  river — Description  of  Basin 130 

Raystown  Branch,  Juniata  river,  at  Saxton, 

Description  of  station 130 

Discharge,  131 

Red  Bank  creek — Description  of  Basin 225 

Red  Bank  creek,  at  St.  Charles, 

Description  of  station ,   226 

Discharge 227 

Schuylkill  river — Description  of  Basin ,   61 

Schuylkill  river,  at  Philadelphia, 

Description  of  station ,   61 

Discharge,  63 

Shenango  river — Description  of  Basin ,  253 

Shenango  river,  at  Sharon, 

Description  of  station 258 

Discharge ,     260 

Shenango  river,  at  Turnervllle, 

Description  of  station,  254 

Discharge,     256 

Sholola  creek — Description  of  Basin 22 

Shohola  creek,  at  Lord's  Valley, 

Description  of  station ,   23 

Discharge 23 

Slippery  Rock  creek — Description  of  Basin 266 

Slippery  Rock  creek,  at  Wurtemburg, 

Description  of  station 267 

Discharge,    268 

Spring  creek — Description  of  Basin 109 

I  Spring  creek,  at  Belief onte, 

i                                          Description  of  station,   110 

Discharge Ill 

Su^ar  creek — Description  of  Basin 217 
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Sugar  creek,  at  Wyattville, 

Description  of  station,   218 

Discharge,    219 

Susquehanna  river — Description  of  Basin,  153 

Susquehanna  river,  at  Harrlsburg, 

Description  of  station ,   155 

Discharge,    156 

Susquehanna  river.  North  Branch — Description  of  Basin,  76 

Susquehanna  river ,  North  Branch ,  at  Blnghamton ,  N.  Y. , 

Description  of  station 78 

Discharge,  79 

Susquehanna  River,  North  Branch,  at  Danville, 

Description  of  station ,   96 

Discharge,    98 

Susquehanna  river,  North  Branch,  at  Wilkes-Barre , 

Description  of  station 93 

Discharge 94 

Susquehanna  river,  West  Branch — Description  of  Basin,  100 

Susquehanna  river.  West  Branch,  at  Renovo, 

Description  of  station,   101 

Discharge 103 

Susquehanna  river,  West  Branch,  at  Wllliamsport, 

Description  of  station ,   124 

Discharge,    125 

Swatara  (Big)  creek — Description  of  Basin,    162 

Swatara  (Big)  creek,  at  Jonestown, 

Description  of  station ,    163 

Discharge,    164 

Tionesta  creek — Description  of  Basin 108 

Tlonesta  creek,  near  Nebraska, 

Description  of  station ,   199 

Discharge 200 

Tohlckon  creek — Description   of  Basin 53 

Tohlckon  creek,  at  Point  Pleasant, 

Description  of  station ,   63 

Discharge,     54 

Tuscarora  creek — DescrSptlon  of  Basin 141 

Tuscarora  creek,  near  Port  Royal, 

Description   of   station ,    142 

Discharge,     143 

Turtle  creek — Description  of  Basin ,  287 

Turtlecreek,  at  East  Pittsburgh, 

Description   of   station ,    287 

Discharge 289 

Tygart  river — Description  of  Basin ,   275 

Tygapt  river,  at  Fetterman,  W.  Va., 

Description  of  station 276 

Discharge ,  277 

Wallenpaupack  creek — Description  of  Basin 18 

Wallenpaupack  creek,  at  Wllsonville, 

Description  of  station 19 

Discharge 30 

West  Branch,  Delaware  river— Description  of  Basin 6 


317 

Page. 

West  Branch,  Delaware  river,  at  Hancock,   N.  Y., 

Description  of  station ,   6 

Discharge ,     8 

West  Branch ,  Little  Antietam  creek — Description  of  Basin 170 

West  Branch,  Little  Antietam  creek,  at  Mont  Alto, 

Description  of  station,    170 

Discharge ,    171 

West  Branch,  Sus:iuehanna  river — Description  of  Basin,    100 

West  Branch,  Susquehanna  river,  at  Revono, 

Description  of  station,   101 

Discharge , 103 

West  Branch,  Susquehanna  river,  at  Williamsport, 

Description  of  station, 124 

Discharge 125 

West  Pork  river — Description  of  Basin 279 

West  Fork  river,  at  Enterprise,  W.  Va., 

Description  of  station,   280 

Discharge 281 

Wyalusing  creek — Description  of  Basin ,    86 

Wyalusing  creek,  at  Wyalusing, 

Description  of  station ,   87 

Discharge,    88 

Yellow  Breeches  creek — Description   of  Basin,    158 

Yellow  Breeches  creek,  at  Olmsted's  Mill, 

Description  of  station,   169 

Discharge 160 

Youghiogheny  river — Des(Jriptlon  of  Basin ,   291 

Youghiogheny  river,  at  Confluence, 

Description  of  station 293 

Discharge,  294 

Youghiogheny  river,  at  Connellsvllle , 

Description  of  station 805 

Discharge,    307 
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